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ABSTRACT 


Twenty-three major community types were described from 
iZsectandsein these tpineszonesor the North Cascades Range. 
These included six snowbed types (Saxtfraga tolmtet-Luzula 
wahlenbergtt, Ertogonum pyrolaefoltum-Luzula wahlenbergit, 
Carex nigricans, Antennarta ltanata, Carex brewert, and Carex 
eapttata), two lush. herb types (Lupinus lattfoltius and 
Festuca virtdula), eight dwarf shrub types (Casstope 
mertenstana, Phyllodoce empetriformis, Phyllodoce glandult- 
flora, Arctostaphylos uva-urst, Empetrum nigrum, Saliz 
reticulata, Saltz cascadenstis, and Dryas octopetala), two 
dry grass types (Danthonia tntermedta and Calamagrostts 
purpurascens)’, and five dry sedge types (Carex spectabtilis, 
Carex phaeocephala, Carex sctrpotdea var. pseudosctrpotdea, 
Carex nardina, and Kobresta myosurotdes). Thirty-nine 
blockfield stands and 42 krummholz stands were also 
examined. Most of the major community types are closely 
related to those in the Rocky Mountains, southern Alaska 
and the southern Yukon. 

SOUlsstnethe sree oui nuclides) tisoloominceptis oie, 
atdsopodosols. |) Physical properties are quite similar in 
most soils. Organic matter, total cation exchange capacity, 
and pH generally decrease from west to east while exchange- 
able cations and nutrient levels are low throughout the 


region. 
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spect eSericnness ,eencratvdivercity.sand equi tability 
were low in the mildest habitats. Estimates of these 
parameters increased with an increase in environmental 
rigor ana Habitat Heterogeneity until physical factors once 
again rendered the habitat -homogeneous; “At this point 
species richness and general diversity again declined. 

A fellfield-dry grass~-lush herb environmental gradient 
was examined on Grouse Ridge, Mt. Baker. High soil 
temperature and low soil moisture regimes were typical of 
PNeCmrLOveLroOpetoieiileld. == DUutang drougite perlods, oOletne 
vegetated portion of the slope, soil temperatures decreased 
and soil moisture stress increased with distance downslope; 
a reflection of increased plant cover and greater evapo- 
transpiration \towards the base of the slope. “Species 
exhibiting vigorous growth and high leaf water potential 
at the base of the slope had reduced vigor and much lower 
leaf water potential upslope. Phenological patterns were 
closely related to date of snowmelt and early season 


temperature regimes along the gradient. 
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INTRODUCTION 


Bcoloeists have focused their attention on alpine 
environments for many years. These regions with extreme 
CnvALoOuments  provideswansexcellent opportunity tor the study 
of species and community patterns. These patterns are 
usually accentuated in alpine regions because of topographic 
divetsityranid oOLtenscnangerabruptly due to ereapid shitts in 
environmental gradients. Several other advantages of alpine 
vecetation studies are the relatively small flora, the 
dwarfed stature of the plants, and the reduced community 
Struct whem ( bist ss .a9O9))., 

High mountain vegetation in the Northwest Pacific 
Coast region has received attention only recently. The 
rugged physiography of the region, its inaccessibility, and 
a frequently unfavorable summer climate have all contributed 
tomthis tack ot ecological study. studies have been 
completed in the Olympic Mountains of Washington (Bliss, 
1969 sFonda and Bliss. L969" Kuramoto sand) Sliss,, 19/0). sthe 
western North Cascades of Washington (Douglas, 1972), the 
Soucnhermecoastekangve of Bratish Columbias (Archer... 1963; 
Brookeset a... 1970), and inethe eastern North Cascades sof 
British Columbia. (Mcleang, L970)... Localizedvor, moresseneral 
accounts of the vegetation or flora have been provided for 
thes Olympic Mountains (Peterson, 1971), ]the western North 


Cascades of Washington (Franklin and Dyrness, 1969; 
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RVUChenere sels oU cmeDOUP LAS mie Dole acm and ballard, 19 71% 
Lowery, 19/72), the eastern North Cascades of Washington 
(Arno and Habeck, 1972), the southern Coast Range of British 
Golumbiae Couinigy W959)., and sthe «lntermion s~elateau soegion .of 
SQuthsaentrale Binit toh eGolLumbiaaGhady., 91.97.1)..1. A.ceneral 
phytogeographic survey of northwestern North America has been 
presented by Schofield (1969). 

Thisj,sstudy examines:.the plant communities of the alpine 
zone in the North Cascades of Washington and British 
Columbia. The objectives of the study were to 1) obtain 
quantitative and qualitative data on the composition, 
Structune. pattern, and diversity of the alpine plant 
COMMUN esmoO tat temmertonse2)s Lo,obtain iintormat ion -om-.the 
soils associated with the major plant communities; 3) to 
acquire mesoclimatic data from several localities in the 
region; 4) to determine the interrelationships between soils, 
climate, and plant communities and use i Dgeome GOGO 1) SiaU Gla 
comprehensive classification or ordination system for the 
alpinesvecetation of «the, regions 95), to) examine sin -detail 
several communities along an environmental gradient in a 
localized area (Grouse Ridge, Mt. Baker) and compare them 
with,»regard.to.their composition, -structure, .pattern, 
diversity, pedology, microclimate, phenology, physiology 
(water relations), and snowmelt pattern and 6), sto .relate, the 
distribution of the North Cascadian alpine communities to 


other areas in Western North America. 
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STUDY AREA 


IL@QWA ie ieyin 


The Cascade Range, extending from southern Oregon to 
just north of the Washington—-British Columbia border, can be 
Subdivided inte a number of ecological provincesmonmthe basis 
Ot zeo Oly. F SOc mmr OpOetapliiy.uc limate, and wegetation. The 
northernmost of these provinces, the western and eastern 
Norths Gascades¥provinces (Douelas,, 19972), were selected as 
Chemsttemar this s tidva(ialsc gels) « she area. extends for about 
130 km in a north-south direction, encompassing about 
ee COOP knee 

Thealpine zone, in “this study, ismdiefinedeas that area 
above the occurrence of trees in an upright form, and 
iiciudesmi rumnhoUse ee themlower. 1mttiof ethe szone, rangesmirom 
1750 m on the west side of -the range to 2100 m on the east 
side. The highest alpine vegetation found on the western 
side of the range was at ong Guat This is: probably theshigh— 
estcontLinudus vegetatilonsoceurring onwthe western slopes of 
the North Cascades since above this, and often at lower 
elevations, sheer rocky slopes, snowfields, and glaciers 
restrict the establishment of continuous) vegetation. The 
Upper lumit or Continuous ealpime vercetation increases east 
ward, with the highest communities at about 2600 m on the 


@astern “side -of the North Cascades. 
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FICURE 14. thr of ‘the! study sites ein) the North Cascades 


Range of Washington and British Columbia. 
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Geology and Geomorphology 


ine complex veologic, history of the North Cascades has 
Dpeeneotud teqgmingsomesde lal Dy Mischa 19502, 1900). | fhe. old= 
est rocks are crystalline basement rocks (mainly eneisses) 
which indicate an involved history of numerous igneous and 
metamorphic events. They predate the oldest known strata 
witehe cons 2st Of ssedimentary and volcanic, rocks,, 1ncluding 
Middle Devonian possiliterous limestones, (Durine the late 
PalLecozO1cmenha. Geposdtlons, Of Clastic sediments, Look place 
ONmMeNeC LL OOLMOLwamvactmshallowesea, = Liese thick deposies 
were associated with a geosyncline that extended from Alaska 
to California. The clastic sediments include graywacke, 
stale. sande sandstone. At this timervorcanic eruptions) alsa 
COMULADULed Deascaltic and andesitic rocks to the deposition. 
These ancient geosynclinal rocks were then metamorphosed 
@urine) a perrod of compression and folding, occurring 
simultaneously with the withdrawal of the sea during the 
Uurassi1 Cc, eReSQLtIngemMeLanor pill cerocksmancLudes sila Fer 
phyllitce, schist. and ¢reenschist. 

A new, smaller geosynclinal trough developed during 
early Cretaceous time, within which sedimentary rocks, 
including shale, siltstone, and sandstone were deposited. 
During Middle to early-Late Cretaceous time, major orogeny 
occurred in the North Cascades. 

Iuethe lertiany cunoner deposition, erosion, volcanism, 
and orogeny took: piace. During this time the granites, 


diorites, quartz diorites, and granodiorites in the central 
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6 
and eastern parts of the range were formed. Final’ upliiting 
of the North Cascades took place in’ the Pliocene and sub-= 
sequent’ weathering,» mass wasting,’ and:erosion contributed to 
cNesdeeply dicsected*landst¢ape of* today. *Schists sneds's) 
and= granite ourccrops predominate throughout’ most*® ot the 
range. 

Durins Late™ Pliocene? and” early Pleistocene time,» the 
volcanic cones of "Mt. Baker and Glacier Peak (elevations 
3712 and 3181 m, respectively) were superimposed on the 
existine=rante s(Goombs.,=1939- ford, §1959)"" «Elisewhere® in® the 
Gascace= Range ‘the cones “of 9Mt.F Rainier. =Mt-) St.) Hevens= 
Mt.* Adams, Mt. Hood, and Mt."Mazama were’ also being formed. 
Liem necevtMCOleCmOreNibakenm Was preceded sby a higher 
volcano of which only the ruins (Black Buttes) remain 
(Coomb’s5 1939). These peaks consist mainly of andesite. 

ALtCHOUSn= ties period of=major volcanic’ actavacty appears 
to have been at the beginning of the Pleistocene epoch, 
there were later eruptions and flows. In the North Cascades, 
ash Mayers orieinetine from Glacier” Peak)” Mt." Mazama’,” and 
Mt .=ote Helemscanuave been recognized. =§ "The oldest of these 
ashntalis is’ that from Glacter™ Peak’ 12,000° years ago® (Powers 
Sruswilcoxs WoO4smrryxell-slL9oo)e= Ln stash Hes dlstri buted 
into southern British Columbia and east to Alberta and 
Montana (Wilcox, 1965; Westgate, personal communication). 
One of the most widespread ash layers, Foranevcn southern 
Oregon north to British Columbia and Alberta, and east to 


Montana, is that from Mt. Mazama (Wilcox, 1965; Nasmith et 
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. @l., 1967; Westgate and Dreimanis, 1967; Westivate: ciurl.y, 
1969). % The -date of this eruption has béen placed “at ‘about 
6600 Yyears *BioP 'CRubin Cand “Alexander, 1960; Powers ‘and 
WiVeGwweLI62; Eryxell. 91965). Mt. St. Helens has erupted 
severaimtines@in the tpastie3 , 000 tyeare! producime tashia lis 
GiaGehavewiie enadatedeat 632000 ,anda500) years thse s GGrandel 1 
Glad, wNGs) Tandeatiel60 iyvedrs eines e@ullineauxnel 96a) 
Diis mash iiastamieastienm! ytand tiorthenly tdistmibwt ion Wsimitar 
Hosthat yorurthe Mazama tagh t(Na sm tohiee bial iA ebl9 OigiWesteate 
andre inanis: WelIG is West yates aiwiah, £119.69) ANiMt StRainier 
Asivgecdate digait £29530 Oita n'die2 4000 yea rs Bia Priae (Gra nidie Witte tail ., 
HI62)ieamay. extend into: theiNorth, Cascades talthouch 16 has 
yet to be reported. 

Although the major features of the North Cascades were 
poodicéd tpr ide ttoitthe Pleistocene tepoch J massive ‘continental 
ice sheets that flowed south into Washington, together with 
the marked expansion of the alpine glaciers in the local 
mountains, greatly modified the landscape. Evidence of this 
pastiigiaciatiiomecan sbe 6seen “throughoutetthelrange im theltform 
of cirques, jagged ridges, steep-walled valleys, and the 
rounded tops of the lower mountains. Numerous, relatively 
small remnants of the once extensive alpine glaciers still 
remain sin ithe region, which ‘presentily contains more ‘active 
glaciers than any other North American region south of 
Alaska and Yukon. 

The continental ice sheet and the alpine glaciers 


advanced and receded twice in the North Cascades during the 
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Salmon Springs Glaciation of the Late Pleistocene (early to 
middle Wisconsin) (Crandell, 1965). The broad, U-shaped 
valleys of the region were filled with ice during these 
advances. 

TnemrrasereClaciation,, beginning with the Evans Creek 
SLagGemabout2>,JV008years) B,P., Lasted for approximately 
15,000 years (Crandell, 1965) and resulted in the readvance 
Ofelnemalpines ep hactercwinto. thesvalleys. ~Aboutel>s,000 to 
io, JOUR CaUS uber weett ber the al panesglacrers. Derean sto 
retreat, continental ice once again flowed into the North 
Cascades and reached its maximum development in western 
Washington and British Columbia. Toward the end of the 
Fraser Glaciation (Sumas Stade) and after a major recession 
of the continental ice, a colder climate prevailed once 
again with subsequent readvancement of the ice sheets and 
Lenewalwotethesalpinerseclacters (Crandell, 1965)),..A mild 
Hypsithermal Interval followed the Fraser Glaciation during 
Wiktchmt tm coc O ,O00s COM. 000m yearenbnwr..) sthegalLpine 
glaciers decreased in size and mudflows and fluvial aggrad- 
ations ensued throuchout the range (Crandell 1965).  fhis 
warm period was followed by the last glaciation (Neoglaci- 
ation) which had its maximum development in the Cascade 
Range at varying times for different glaciers (Porter and 
Dentonsseloo07 i asincemeneamiddbesot them 9th centuny, 
glaciers in the region have generally been retreating, but 
around 1950 the Coleman Glacier on Mt. Baker, along with 


other glaciers in the range, began to advance (Bengsten, 
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Climate 

iiepclimate of =the North Cascades varies considerably 
from maritime on the western slopes to more continental on 
Pieeeastlernes lopes. mu nisscltimatic differences die -towtne 
Prevarminmez westerlies from the Pacific Ocean crossings the 
large mountain massif, is most noticeable when examining the 
annual and summer (June - August) precipitation records 
from several weather stations. On the western side, the 
Diablo Daw stations (elevation 2/%m) has annual and summer 
averages of 189 and 14 cm, respectively, while annual and 
summer averages for the east side Winthrop (elevation 535 m) 
are 3/7 and 6 cm, respectively (U..S. Weather Bureau, no 
dates). Temperature records show corresponding differences 
CHtome? ji. MSince very few weather stations exist in Jene 
BesgionmitiLemvery: Likelyousesnectably at Nipnergelevatitons, 
that precipitation is greater and temperatures lower than 
Llivestrated Nnerermelhis sishevident atethe Mt es Baker station 
(elevation 1265 m) in the western North Cascades which has 
annual and summer precipitation averages of 280 and 28 cn, 


respectively, and lower temperatures. 


METHODS 


Vegeta tion 


A general reconnaisance of the alpine zone of the North 
Cascades was made in early summer 1970, as well as during a 


previous study (Douglas, 1972). From this survey tentative 
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Temperature-precipitation climograph of mean 
monthly values at Diablo (western North 
Cascades) and Winthrop (eastern North Cascades) 


weather 
Bureau, 
numbers 
between 


SpamLonsmidatamt rome no .sneatne:s 
nowdatesi¥ee Months fare sindicat ed uby 
Deginnine with January.) Distance 
the stwo station's) 1s °i45 km. 


a a 
f aa’ af ay 
4s Da = e [ ¥ 
i = ‘ & 
,- Pd ~ 
ti , A F fe 
? , a 


4, 
4 
4 
\ 
ae! 
“ 
- 
a 
- 
Ras 


a 7 = ! } / “oOo | 

é . / / | | ; 
| : 

, Lk. Te 


a eT EE mil ear ~ 


\$t Bf LS 6 : 91 x tf ? . 


M2) = WONTATs5aa5 


7 ; . 
. : ior. Ae dee tao tt« MILDESI Sp is¢ nites UIs TAMA TT’ ar 
- 7 dstot weadese) “SUAS Gan woudbav Neto a 

(as use Oo dF ‘ie is ry saan) 2h ee bas’ Feeling a4 
squrery +o 2012 B91 Flea a ehh 7 
ibe Saye, Pau sae an oy 

: apn 


Line! a Ys iia it 


i 


91 asewae d 


- 


. ie Oe- 
oe hat 
_ a 


phat 


plant community types were delimited. Homogeneous stands 
representing the types were then selected for sampling. The 
term "stand", in this study, refers to a particular example 
of vegetation which was sampled, and "community" or "commun- 
DEVeey pe wero ae rroupine sor esinilar=stands.© Ae total  "ofecUs 
stands, varying in size from 150 to 1500 m*, were sampled 
anes IMmountalivssinethe study area™Csee Fie. =) 0" =the 
community types are represented by 4 to 10 sampled stands. 
Rock outcrops and streamsides were not sampled. 
ForetneesrestonaUestervey, 10 examining ally bpuc the 
krummholz stands, twenty 20 X 50 cm quadrats were set out 
(perpendicular to the slape contours) by a restricted 
random Ceciinidues(bl tee. 1963). “Sanplinge*replicatione were 
repeated three times for each of three stands differing in 
composition gudsestructune,. The replications indd cated that, 
for all of the most prominent species, sampling was within 
+ 14% of the mean prominence value for continuous vegetation 
aude 267, etor=diescontinuous "(fellfield) vegetation. “Tne 
average coefficient of similarity was also computed for the 
Yepricaces! usinye ithe formula C= 2779/9 a et ep) x 100 
GRwiltez yrs K+, 5 81 9S47%)<, where w is the sum of the lowest promin- 
ence values of species common to both stands, and a and Db 
are! the total’ prominence values of all species’ in stands a 
and D.°© Stands’ of continuous vegetation had average similar- 
heyetcoetiirctents of 0-76 and 0.381 while the average fell— 
field similarity coefficient was 0.47. Sampling adequacy 


also met the "minimal area" criteria (Cain, 1938), with 
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We 
sampling terminated, in almost all cases, well after the 
plateau in the species-area curve was reached. Minimum 
stand size was approximately 150 m?. 

Since krummholz stands were extremely variable, and 
because sthey were ot secondary importance: in this istudy:, 

a more simplified procedure was necessitated to obtain 
eeneralintormation ons thedr structurejand) compost 1 om. 
These stands were examined by a "releve" method. Each 

stand was divided into four equal quarters and the crown 
cover forgall species was estimated by visual, observation in 
Gach quarter ee honty—two. stands. varyimermi ni saz cafrom, 255 to 
100 mg, wenes treated in’ this manner. 

A third sampling procedure was used for analysis of 
SHE CLeced1 st ttbu Gis alone. fa. 05) xae/eum Dele transect. jon 
Grouse, Ridge «Mi. Baker...) Ate 2.m intenvals, down, the, slope, 
Eiy oeee Ue Osc Mec did baccun CO Mea pO Sd b LepeLO)) 6 wer epemancomay 
selected and set out at 5 dm intervals along and perpendi- 
CiplarescCeat L.egsS.o pemCont Ol Ss). 

Crown cover, using the methods and cover classes of 
Daubenmine..(1959. 1968), was estimated byistrata for all 
plant species (except epiphytic and epipetric cryptogams) 
inwcaGhequadmat. we Alleaddd tionalarane, ispecies. aiwhiehoccun— 
red outside, ther.quadrats but within, the stand, were also 
tabtiod | Frequencapandwaverage)coversion ach species were 
calculated and then converted to prominence values (PV) by 
multiplying the average percentage cover by the square root 


of the species frequency in each stand. This index has 
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thee! 
been used in previous vegetation studies by Douglas and 
Ballard’ (10/71) ee@vanidereValk@and Bliss CLoO7 1) andapode Las 
(1972) and is a modification of the procedure used by Beals 
CIQCQVRS Similarityycoerficients® (CO=eQney (atte b) Mx 100) 
between stands were then computed. Species were not adjust- 
ed in relation to their maximum values of frequency and 
covetmasuan bray ands Corti se 95/7). 9" Dissimilarity values 
(1 - C) were then computed and used for the construction of 
two-@irensioOnalwordinatitons “Bray ands Gurtd oz=195Je= Beads, 
1960). Several agglomerative hierarchial clustering 
tecnniques* (Pritchard and Anderson. 1971) ° were’ also»used for 
syntheses of stands. 

The ordinations allowed the grouping of stands into 
community types that correlated with several environmental 
gradients. Although many of the community types, because of 
sharp environmental changes, occur as discrete vegetation 
units a number of them merge gradually with adjacent 
COMMuUnLtymiypese= slits is retleeted. in@parcjebyethe degree 
of separation between and within these types on the ordin- 
ation.” Community types are named after the one or two major 
dominants. 

Cover data were used to compute the da eenn orgs 
general diversity index for each stand, H Eat Pee aes 

t= 
(Shannon and Weaver, 1949), where H is the general diversity 
(richness and dominance concentration) and P; is the cover 


value for each species divided by the total of cover values. 


The ’equitability or evenness index E = H / H max (Pielou, 
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1967) was also computed, where # max = loge S and §S is the 
number of species in the stand. 

Nomenclature, authorities, and taxonomy follows Hitch- 
cockwand. Cuonguteats GL973)afor ethe vascular ppltiants.. Lawton 
(1971) for mosses, Schofield (1968) for hepatics, and Hale 
andy. Culberson »G197.0)..f£0x, lichens, with the following 
exceptions. oe hestreatment, of Claytomed anceolataPursh 
Homvows Dougias-.and Taylor (1972)... Draba Donealis, DG. .and 
Peerte oe tana cies Sta WON On low, Mita anual [7,0)mnlo YL). 
DG te er Clue, wes S Diol Ie UG L1. Se LOO}. )asArde rosie On ows 
Ome e Gade eld.) and. VOCCtimL UM ULI LAOSUmAL ma sSSD. 

Soc acnL ale. «Gray je Haina ats pecidentale follows Young 
Cho 7 Dp Cee Lope nei aadons dg na Cd Lael iN ed. eeatLd 
Pelttgera cantina (L.) Willd. were not treated at the variet- 
al level since the variants were often indistinguishable. 
TRAMs VEriLeCuLant.se «(Sw.)e Ach. .ets Schaer.sihas ibeen 
included with #. w;ubultformies, (Ehrh.,) W., Culb. since; they 
were, dndistingudshable in ithe field. Chemical tests; meveal— 
ed that 25 percent of all material collected was T. vermi- 
CuLarte a.m ,Lne, text, only. the, bimomial is used for any, 
plant having just one variant in the North Cascades. A full 
set of voucher specimens has been placed in the University 
of Alberta herbarium (ALTA) . Partial sets are in the 
Department of Agriculture (Ottawa) (DAO), New York Botanical 
Garden (NY), U.S. Forest Service (Fort Collins, Colo.), 
University of Washington (WTU), and Western Washington State 


College herbaria. 


 chadiani aaa jason Wee eo cetens ‘ita One 7 
wba bikes pamkieged or (BEL) dish iene stone 89d CAR, _ 
|. gerenbtod ada Asia) .etadoit 208 vanecommneei.” 


1 wot Shaper Gea (EVEL) ce tyet bitte 
a GENO L, (PORE) cay ki cpt edie (iat- .¢ce 2 peyet WR 
aveliat .<wishok (tort), sei00ks . ase .f tetas abdne a | 
opie) <P Maori pide Myseiase’. bere |, OLN RY eae S| anal "9 - 


| 


gnueyY eyalind sYeinshieto .asv etell GoyensD) ci tieh the, 
lien deb haw: te) 92 dopey. tsi te mt eee tt eee foten ; 
asetah} ultGa. bagasts aon sag 4L5)N (4) siiioe geeGege ee 
 eiiade ras orien. Agate: wade, Arent a7 oda shite bayed dp ¥ 7 
: peed. net yeednd to. WoA (24) sivoiepdpeoy at) oxen. - 
vata *qomle «700s. 8 (ceddy soto ltt hess |. date kodursan.| a 
~tesves aaaee leek aalo. ina’ afd ot hd ede Lage baad ak, ATSe, a) 
-hotyan 2 anw bedaditjes inivasam Ife Yo aratevaq C8,..0089 ba a 
fae wt few et jetnonid otts.ylao Ixs2 si3, ae . 8 recy kage ry 
tiad A «peta sead mene od3i nt treigvev. ond taut a anata 7 
PaahaeheD cle at inside nabed i sesmtasge tedowoy to gee : 
"hag ms ah etna datoxet thera) mittee at r9dity Sy 
inanncet stil CONG Cans 90) sis Coritinyh Bp a 


bs Bn Lae ‘ ee ri 
gad t1o3. ,dmbitod 426%) Bary 292 322907) Re ae 
: fr ite See a wae 
A astueiiieaM wrsice¥ baw yo tan tebe Rei 
| ihe +9 he —° “4 ere he tbs wana 7 
; ; - i , - 
oe Aad ‘ ; ; 
reas ee Vy) Pe ke ere (2 aes . 
eg" cal co @ : _— 
* <1) ee ‘i 


ue 
soils 

Soil pits were established in 16 different communities 
across the North Cascades and composite samples collected 
from each described horizon. Seven additional pits were 
also established along the environmental gradient at that 
study site in the western North Cascades.. Samples were also 
collected from two additional soil pits opened by Bockhein 
GLo72De. W liabonato ny anal ysed ssiofatthe, fine sGleses than 2 mm) 
fraction included: texture by the hydrometer method 
Gio y0 UGOS ath em ipH: is imesral isatuna tedupas te) a Dou ehity, 
1941); and organic matter by the Walkley-Black wet oxidation 
method (Walkley and Black, 1934). Exchangeable cations were 
extracted with neutral N ammonium acetate and determined by 
atomic) absorption spectrophotometry. Levels of N, P and K 
were determined at the Alberta Soil and Feed Testing 
Laboratory. Determination of N was done by the phenoldi- 
Sit pom cumethod, Ws byathemcombined, niltimicsiac id saiwanada te , 
molybdate colorimetric method, and K was extracted with N 
ammonium acetate at pH 7.0 and determined by flame photo- 
nmeernyae Sollyicolom was «iesord bedi ior mois tyssoil gusing) the 
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Climate 
Summer mesoclimate (t.e@., temperature, atmospheric 
WeLvsture, solateradwatiton, precapitaction,. and wind) in the 
North Cascades was monitored at five different locations 
(qeeutio,  ) during. 19/0,) 1971, and 19722) Silemperature “and 


atmospheric moisture were monitored with Belfort and 
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Lambrecht hygrothermographs placed in white-painted, 
louvered shelters with sensors between 5 and 25 cm above the 
ground. Solar radiation was measured with Belfort actino- 
sraphsrset with sensors lO jcmSabove and«parallelito.the soil 
surface. Precipitation was measured with Tru-check rain 
Pap eCsmoc lL BOURCM™@abovVemand parallel to ther sollescurtacer 
Wind was monitored with Belfort 3-cup totalizing anemo- 
meters with cups placed 60 cm above the ground. 

Microclimate was monitored during the study period 
along the environmental gradient on Grouse Ridge. Four 
StatlLons» were established at 15 -to 25 9m antervals for a 
dicsibancesot. Ol midewns the slope. (Soil send vair temperatures 
were obtained by use of laboratory-calibrated RCA 1N2326 
diodes, set inj/#3M Scotcheast No. 10 Electrical Resin. 
Thessoil temperature diodeéswweresthen placed in 13) mm (0.0. ) 
aluminum*¢pipe probes, «sealed off, and buried horizontally 
dtmdepths fot e2y 10, e20,sandg30semugelhesgair temperature 
diodes were placed in double-shielded, open aluminum tubes, 
painted white outside and silver inside. These diodes were 
Weecated satehetehtseoktetthensstand Logempor LO randi20%¢cm; 
thespbatterehetghtsybeingsusedefor®thestalier vegetation at 
the base of the slope. Temperatures were measured with a 
bridge-meter powered by a mercury cell. Field measurements 
were precise within + 0.5°C. Coleman soil moisture blocks 
(Coleman and Hendrix, 1949) were positioned in the same pits 
with the diodes at depths of 10 and 20 cm or 10 and 30 cm. 


Soil moisture was also determined periodically with 
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gravimetric samples taken at the same depths and within 2 m 
of the Coleman blocks. Soil samples from these same depths 
were collected and analyzed for percent moisture retention 

properties sat 0.33 bars and) 15 bars on ceramic plate 
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Phenology 


Phenologicals stations were é€stablisned at 10°m intervals 
alongethes/0om belt wtransect on Grouse Ridee. Phenological 
notes were taken on 32 species at weekly intervals during 
1971 and bi- to tri-weekly intervals during 1972. Observ- 
oP os ew tind ted eee ke oMepLOoteat. faci Statl en. slic uaedm tie 
following phases: vegetative, flowering, fruiting, seed 


dispersal, and dormancy. 


Physiology 


Leaf water potential (W) was determined in the field 
during 1971 for 10 species on Grouse Ridge. A portable 
DaGessipeemcnambermCsc hol anderec «al.,0 LYO4 SS Cholander ae qed i. 
1965s Boyer, 1967) was used for these measurements. Leafy 
stems On Leaves: cut at the petiole were putedinectly intc 
plastic bags from which all possible air was expressed. 

The bags were sealed, kept at ambient temperature out of 
direct sunlight, then measured within 0.5 hr of cutting. 
This procedure was found to have little, If any, effect» on 
leaf y (Hickman, 1970). Measurements were made between 


1300 and 1500 hr and at 2400 hr, times of near minimum and 


maximum leaf y~, respectively. 
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RESULTS 


Regional vegetation 


Two-dimensional ordinations (Bray and Curtis, 1957; 
Beals, 1960) were constructed, using prominence values, to 
provide an understanding of alpine community relationships 
SuCmpalLCernsm Gi tows mmol nuccunigh Devamdi versity. ©or al hdieh 
degree of compositional change between communities along 
gradients (Whittaker, 1960), reduces ordination performance 
(Gauch and Whittaker, 1972) the North Cascadian communities 
have been treated within three separate regions (west, 
central, and east). Although’ the ordinations are based only 
upon floristic dissimilarities between samples stands, the 
stand groupings or community types do indicate some general 
environmental relationships. In this case, time of snow- 
melt is the most obvious environmental factor illustrated by 
Phesordinatious) (hice 3)h 9 lwenty—three North Cascadaian 
alpine community types and several other alpine vegetative 
units (krummholz and blockfields) are included in the follow- 


ing descriptions. 


Snowbed community types 


There are six community types in the North Cascades 
that are consistently associated with snowbed habitats. 
Saverabeotners,  witchmare notwrestrictedpesclusively to 
snowbeds, but occur in them in at least part of their range, 
are discussed within the shrub community types. 


a) Saxifraga tolmiet-Lugula wahlenbergit community. 
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Bieure 9%) ©Ordinaticn ofsl28) stands) in thevalpinemszconcwo tm ie 
Worth Cagcades.. The stands are included in) threc 
ordinations, according to regions (west, central? 
and east). Lines delimit community types) whoge 
mames are derived from the dominant species. 
Abbreviations:  S-L - Saxtfraga tolmiet-Luzula 
wahlenbergit, E-L - Ertogonum pyrolaefoltum- 


Luzula wahlenbergtt, CNI - Carex nigrtcans, 


ANT Antennarta lanata, CBR - Carex brewert, 
CCAS —aCavrexuncanp¢ tata, —LUPS— | Dupinis ml Gr anal Tuer 


FES 


Festuca virtdula, CAS - Cassiope mertens- 
tana, PHE - Phyllodoce empetrtformis, PHG - 
Phyllodoce glandultflorta, ARC - Aretostaphylos 
Uuva-urst, EMP - Empetrum nigrum, SAR - Salix 
reticulata, SAC - Salix cascadensits, DRY - Dryas 
oetopetala, DAN - Danthonta intermedta, CAL - 
Calamagrostts purpurascens, CSP - Carex specta- 
bilts, CPH - Carex phaeocephala, CSR - Carex 
setrpotdea var. pseudosctrpotdea, CNA - Carex 


nardtna, KOB - Kobresia myosurotdes. 
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This community occurs on gentle to moderately steep, mainly 
southerly slopes in the western North Cascades i(Fie. 4)m 
SLOW eLenaincwingthiese habitats untid lates july orsearly 
August: “Soils are poorly developed, poor to fairly well 
drained, and show indications of surficial movement. 

The Saxtfraga-Lugula community is characterized by a 
LoWeaverage® totaly plant cover (337%) and an<daverace of only 
S¥spectesiaClSvingtotal) per Stand. ppoextfragaytoimtet, and 
Luzula wahlenbergtt are the only constant species with mean 
COVeErSEOLs I Cmands/,. adnumumequencies ofa/SZ, and 3o7 . 
Meopective Wwe OLnere Less Prominent —plamtscmarescarer 
pyrenatea, Juneus drummondtt, Polytrtechum sexangulare, and 
Marsupella brevisstima. 

b) Ertogonum pyrolaefoltum-Luzula wahlenbergit 
community. Insthescentral North Gascades (Chdiciuremethis 
community type is most commonly found on slight to moder- 
atebye steep 107 tChernlysslopes.. | @heshabitat is similares to 
the Saxtfraga-Luzula type found farther west. Snowmelt is 
late: (early to late July) "and soil surfaces are unstable. 
These sites, in contrast to the Saxtfraga-Luzula habitats, 
are well drained and are more xeric in late summer. 

This community type, with “an average total plant cover 
Ofnl/Z Clable @).8is the most sparsely vegetated or all the 
major alpine ones examined. An average of 15 species per 
stand (32 in total) occur in this community. Ertogonum 
pyrolaefoltum and Lugula wahlenbergtt, with low mean covers 


(6% and 3%, respectively) and frequencies (68% and 292, 
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Pespectively ) Paresthe only constant species. 

e) Carex “tgrtcane community. Concave to level, poorly 
drained sites are typical of this community throughout its 
western to eee ranges in the North Caseadec (Fic. a4). 
This snowbed type has the greatest snow accumulation and 
shortest (snowlLree period of all habitats in the region, with 
snows persisting vuntile late July or early Ausust, or ine years 
of high snowfall, early September. Soils are poorly drained 
and remain moist for most of the summer. 

Cavern nigricane torms a low, dominant mat with) achi¢h 
average cover (752) and frequency (95%). Twenty-eight 
species (average of 14 per stand) are found in this type. 
Other prominent species are Luetkea pectitnata and Deschamp- 
SiLamatvopurpumea (table 1) 2.8 Polytrnienadelpnus, Lyallez, 
Kiaerta blytttt, Lescuraea radtcosa, and the lichen 
Leprarita neglecta are important cryptogams. 

d) Antennaria lanata community. Communities of this 
type are found from the central to eastern North Cascades 
Cit cea mesn Ombiedmiabitatsm@h gaa) msimi lane tomthocgesos 
tiercCareresivgrrcane type... In) the centraly North Cascades, 
where the ranges overlap, the two communities may be found 
adjacent to. cach» other. We Antennarta type, however, 
becomes snowfree two to four weeks earlier (late June to 
late July) and since the soils have better drainage the 
sites become drier during late summer. 

The total mean plant cover (137%) of the Antennarta 


community is similar to that of the Carex nigricans 
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Fisure 5. An Anvennaria lanaca community inva) slight 
depression’ at) 2160 m on Crater, Mountain 
Washington. The Casstope mertenstana community 


occurs on the adjacent slopes. 
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community but a greater contribution is made by mosses and 
lichens in the former. The Antennarta community is also 
Eloristically jricherswith an average of 25 speciess persis tand 
and a total of 57. Antennarta lanata, the dominant species 
Lipolest Vipiecnn Nas) al trequencvwaots 0072. ands agmeanmcover of 
35%. Carex ntgrtecans and Leutkea pectinata are important 
components in the central North Cascades with Saliz 
ecascadensts and Carex sctrpotdea var. pseudoscirpotdea 
becoming aprominentaiarther, cast... Polyt¢richum priaperumsand 
Leprarta neglecta are common cryptogams throughout the range 
while Cetrarta tslandtea becomes important in the eastern 
North Cascades. 

e) Carex brewert community. This snowbed type occurs 
mainly in concave sites in the eastern North Cascades 
although several stands were encountered on slight slopes 
just south of Glacier Peak (Fig. 4). These sites are snow- 
free by the latter part of July, are well drained, and 
becomesdryedurinos aAtessummer. gelhiceice ret bectedtgingpanrt, 
Dyethe warceceanumbereocexerophyticaslpinemspecies ingine 
type (e.g., Carex secirpotdea var. pseudoscitrpotdea, C. 
RaPaALHNaAs eEtcy) 

Agtotalpotoy4especi@spands an gaveraresotgw/ sperestand 
are found in this community. Carex brewert, the major 
species, has an average cover of 32% and frequency of 922%. 
Erigeron aureus, Lupinus Lepidus var. Lobbit, and Danthonia 
tntermedia occur with moderate frequency and relatively low 


cover. Prominent cryptogams are Polytrichum ptliferum, 
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Ktaerta blytttt, Lepraria neglecta, and Cetrarta 
teLandren Clable 1). 

£) Carex ecapttata community. This is a common type at 
higher elevations (2300 m to 2450 m) in the eastern North 
Cascades’ (Fig. 5). This community aati ia GRR OME 1 Rie) 
slightly concave sites that are often dominated by hummocky 
toporzraphy (Fig 6) .55 Of allvthe snowbed types) in the 
region the Carex capttata community generally has the lowest 
snow accumulation and is the first to become snowfree (June) 
although soils, due to drainage from upslope, remain moist 
well into the summer. 

Communities of this type have an average total plant 
COV erect elas mancludungeaneaverage bryophytes covetrot moo. 
the highest of any snowbed community in the region (Table 1). 
Seventy species (average of 35 per stand) occur in this 
community. Carex capttata is the dominant species with a 
Mmeanwcover Ol wo/4 sand a,pirequency of -L004.° Important 
vascular plants are Potentilla ditverstfolta var. dtverst- 
folta, Soltdago multiradtata, Saltx cascadensis, Festuca 
ovina var. brevtfolia and Carex scitrpotdea var. pseudo- 
Secrrpov acum (lables |). Promiment mossess and 1ichensc@are 
Dicranum muehlenbeckit, Polytrichum juntpernum, Cetraria 


ertcetorum, and Cladonia pyxidata. 


Lush herb community types 


Two of the North Cascadian alpine communities are 
included within the lush herb types. These communities 


are characterized by a dense cover of mesophytic herbs and 
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Figure 6, A Carex capttata community at 2380emeon Arnot 
Peak, Washington. The Carex scirpotdea var. 
pseudosctrpotdea community covers the extensive 


slopes in the background. 
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usual lL yelackway cryptogamic stratum, 

a) Lupinus latifoltus community. The Lupinus type is 
FOUndwat. lower elevations (17/50 m to 2150 m) in the western 
LomcentraleNorth Cascades (hic. 94). “lt, occurs) most 
frequently on moderate to steep southerly, well drained 
Slopecm@eie./)), andmicmottenmtound adjacent to, or just 
below stands of krummholz. Snowmelt is relatively early 
Gla Cem Mavestores rt varyun er 

The Luptnus community is characterized by a dense 
cover (1922) of mesophytic herbs and sedges. An average of 
Tomes Dec !eSunGl 0a Delotta boc CUttIn ath ts eCOmMUnLUy muons 
lattfoltus var. subalptnus, the most prominent species in 
the type, has a frequency of 100% and a mean cover of 622%. 
Carex spectabilts, Polygonum btstortoides, Vacctntum 
deltctosum, Festuca virtdula, Ertgeron peregrtnus var. 
secaposus, and Valertana sttchensts are major associates 
Gla Dp beg. )s. 

b) Festuca vtrtdula community. This community type is 
apparently restricted to lower elevations (1850 m to 2150 m) 
on southerly,» well drained slopes in the central North 
Cascades. These slopes become free of snow about the same 
time as in the Lupinus habitats but soils become drier 
during late summer. 

This community is closely related to the Lupinus type 
with a large number of species common to both (Table 1). 
Total vascular plant cover (120%) is much lower, however, 


and Lupinus lattfoltus is replaced by Festuca vtrtdula as 
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Figure’ 7. A Lupinus Cattyfolrus community at @lL9S0mmeod 
Glacier Peak, Washington. The Empetrum nigrum 


CCCUrsSHOnetiewadjacenteupper slopes. 
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tne dominant. A Cotel of 47 species and an average of "27 

per stand are found in thie type. Festuca virzvdula haga 
relatively high average cover and frequency of 48% and 962, 
respectively. Other important plants are Antennarta lanata, 
Arenaria captllarts, Agoserts glauca var. dasycephala, 
bupinus Lattfolius var, subalpinus,, Potentiltla flabelitfolia, 


Juncus parryt, and Arnica rydbergti (Table 1). 


Dwarf Shrub community types 


In the North Cascades eight dwarf shrub community types 
OCCU IlsanVaATLlet.y sOlenalloats on Lit se SroupEcontains tivenot 
the six community types which range across the entire North 
Cascadian region. 

a) Casstope mertenstana community. This is one of the 
most common communities in the western North Cascades. Its 
range extends east to the Slate Peak and Glacier Peak areas 
fMChewe cna ppwmteotetne: trance (Ni olesQleeseMec ic, swe lik 
drained, moderately steep to steep, southerly slopes are 
Cyolcalmsitessorsthismcype.  ihiscscommunity, 15 close ly 
related to the Phyllodoce empetrtformts and P. glandult- 
TLloradety pes (Fic. ese inethessubalpine re of the western 
North Cascades, Casstope mertenstana and Phyllodoce 
empetritformts commonly occur together as co-dominants 
(Douglas, 119 /2)e 

The Casstope community has an average total plant cover 
of 110% and an average of 20 species (56 in total) per 
stand. The dominant species is Casstope mertenstana, which 


occurs with 94% frequency and 42% average cover. Luetkea 
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pectinata, Phyllodoce glandultflora, Antennaria lanata, and 
Vacetntum delictosum are important associates; the latter 
beingerestricted|mainly,to, the western,North, Cascades,...in 
theacentrad partyof thesregion Phyllodoce empetrtformts 
becomes prominent. Leprarta neglecta is the major cryptogam 
with Cetrarta tslandica and Polytrichum piliferum occurring 
frequentdye. buti witha lowecowv er. 

b) Phyllodoce empetrtformis community. This type is 
LOuUnDdP OnE sitess thatwappear, quites simidjiar, Torthose, of. the 
Casstope type, at least in the western and central Cascades 
where both are extremely common. At the eastern extent of 
itsitreanpe Sh capes ut teei Si restricted, to. sii ght, snowbed 
depressions in the lower alpine zone. Snowmelt in this 
drier region of the Cascades occurs at approximately the 
same time (early June to early July) as in the more exposed 
central and western habitats. 

The Phyllodoce community has an average of 22 species 
G56, i nget Oita eS perecstand sand jangseaverage, total plants cov.eruos 
0575. Brahyblodoce tempetriformis is, the major, species with a 
Meanmwcoven sot 3847 mand ta frequency ,o0f $2245 Other prominent 
species are .Antennarta Llanata (occurring across the entire 
range), Vaecintum deliciosum and Casstope mertenstana (both 
restricted to the western and central Cascades) and 
Vaeetntum secopartum (found from the central to eastern 
Cascades). Polytrichum ptltiferum and Leprarta neglecta are 
conspicuous cryptogams in most Phyllodoce empetrtformts 


stands while Dicranum fuscescens is important in the western 
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North Cascades. 

c) Phyllodoce glanduliflora community. The more 
exposed, upper slopes are ea een of this community 
type in the western North Cascadés. Farther east the type 
Pee ce in mone protected habitats although etime of snowmelt 
icecimilane(earlyeto late June). This type oceurs on ald 
aspects and soils range from well drained, on straight 
slopes, to more poorly drained on hummocky terrain. 

ileus SAGAS, the Phyllodoce glandultflora community 
Pemcbceni chectilot metres heatietypeguwiltinvawtotalloteo2 species 
andedneaverage of s,0epereystand. _~Avéerape; total plant cover 
is 114%. The community is dominated by Phyllodoce glandult- 
flora which has a frequency of 89% and an average cover of 
36%. Vaeetntum deltctosum and Leutkea pectinata are 
important associates in the western North Cascades while 
Antennarta lanata and Saltx cascadensts become prominent 
components in the eastern stands. Moss and lichen cover 
(4172 eismtheshaeghesit) OLvalisiheath types. ulmportantecrypto— 
gams throughout the range are Cetraria tslandtca, Leprarta 
negrecta ws and LoOlLytuzchum piLtperum. lng the seastern North 
Cascades the moss, Dtecranum scopartum becomes conspicuous. 

d) Aretostaphylos uva-urst community. The Arcto- 
staphylos community is found mainly on southerly sites where 
soilsjare generally poorly developed, but well drained. It 
occurs infrequently throughout the North Cascades. Snowmelt 
is moderately early, occurring from late May to mid-June. 


Aretostaphylos uva-urst is the sole dominant (mean 
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Gover 037,75 and frequency 922), “except in’ the western North 
Cascades where Carex spectabtilts is’ an important associate. 
The high cover and dominance of Arctostaphylos limits other 
species, and especially eryptogams, to a low prominence in 
cnerLype. Eifty-nine species: (average of 25) per stand) 
Cecureet ns Cli smtty Det. 

e) Empetrum ntgrum community. This community type 
occurs on moderately steep, well drained, south to west 
slopes at lower Bley oe one 6750 m to 2100 m) in the western 
Powcentral North Cascades= (Fic™ (8). 9" Time otwsnowmelt Clate 
May to mid-June) is similar to-that-in the heath types. 

Sixty-one species (average of 18 per stand) occur in 
the Empetrum community. The major species is Empetrum 
ntgrum with a high average cover of 52% and frequency of 
Wi, m= PuytlLodece= ianduliy; lord, although a™cemmon associate, 
OCCULS Wicl Own COoveTLmande it requency "an tie Glacier Peak 
area Luptnus lepidus var. lobbti becomes prominent in the 
community. Cetrarita tslandtca is the only prominent and 
COMENEEIMIE Cieyyjpie@jsehn 

Pyeoalte retreurata community. Communities Of this) type 
Occure throughoute the ©repion (Fig. ) 8) >on Level to moderately 
steep, exposed, southerly slopes. The soils of these types 
are extremely rocky and often show indications of frost 
actions C.,c., unsortedinets,=tfrost bolils)™% *Snowmelt is 
relatively early, generally occurring between mid-May and 
early June. 


The Saltx retteulata community has an average of 38 
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Sher meo ner ooand anda total or 825 a The mosteimportant 
Species sin this (type is Salin reticulata SSp. rere Bee Wipakimi nl ysl 
Neanmcover, Ofte lAsaniea elnequency of O92 Z09. BeSstucnd OD LNO war - 
brevifolta and Selaginella densa are constant associates in 
all stands (Table 1) while Oxytropts campestris var. gracilis 
becomess important in wtheweastern part lof, ithe weeion. (~The 
lichens, YThamnolta subultformis, Corniecularia aculeata, 
Cetrarta tslandica, Leprarta LOGUE He are frequent through- 
out the range. Polytrichum juntpernum and Desmatodon 
lattfoltus are important mosses .in the eastern North 
Cascades. 

g) Saltx casecadensts community. In the western North 
Cascades this community is found on sites similar to those 
Gtr hemo 2. ter cum ecOmMMUNL CY. e.ln the eastennenart) of 
its range, however, the Saltx cascadensts type occurs on 
gentle slopes or level sites of all aspects and often 
occupies snowbed habitats. Although the latter habitats 
become snowfree later (early June) than those on exposed 
sites drainage is good and the habitats become quite dry. 

Salix cascadensts, the dominant = species, occurs with 
relatively high average cover (35%) and frequency (832). 

An average of 28 species per stand (79 in total) are found 
in this type. Species composition is more variable than in 
the Salix reticulata type. Throughout the range Festuca 
OUtNawNaLr. Dreviryolira and Carex ater outlet are character- 
istic components. Ertgeron aureus and Arenarta obtustloba 


are important in the central and eastern North Cascades. In 
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CheeClecierePeateateamoupinuc LepLdns evar. icOUDTT: 1s a 
conspicuous associate. The prominent cryptogams in most 
stands are Polytrichum ptliferum, Cetrarta islandica, and 
Leprarta neglecta. 

h) Dryas oetopetala community. The Dryas type occurs 
on slight to moderate slopes of all aspects from the central 
to;eastern North sGascades (Fig. 8). These sites usually 
have well drained mpoorlyedeveloped soils (hic .89)).) snow 
Me@lteisetretativelyeearlys (early jto late May)? 

This community has one of the lowest total plant covers 
(50Z) of all types in the region (Table 1). Seventy-seven 
species (average of 28 per stand) occur in this type. Dryas 
oetopetala is the major species with a mean cover of 232% 
and frequency|of 802. Typical associates, with Low 
prominence, are Luptnus leptdus var. lobbtt, Arenarta 
obtustloba and Festuca ovina var. brevtfolta. Many crypto- 
gams Occur 1requently sin, this type but all are of Low 


importance (Table 1). 


Dry grass community types 


Two communities, both restricted to the eastern North 
Cascades, are included in the dry grass types. These 
communities are characterized by high total plant cover and 
dominance by grass species. 

a) Danthonia tntermedta community. Communities of this 
type cover large expanses in the lower alpine and subalpine 
zones of the eastern North Cascades (Fig. 10). The moderate 


to steep slopes are well drained and receive moisture from 


aecks en 


term A mA eT OS 1 } { rh J oe 
pa P ; ws 4 ene tz, ‘ A cates Sree 9 iat as = abo 


petty win get 


“Yeobo #yya: 4 C ol? 9 Neaenaaos, Si78e foe stgrt wo 


= . : : + 
ren . mi J % ie ix iy ov fa sok baie oy iy @ 
if 2 


2 
besagd Peet) atetena 02 . 

t ae 7 
ay ave . ve’ .na , B44 4a. Teva h Pang , bavrarh iiaw oved. 


| ot vitke) ites vtavianie? at gfe 
; a 
iv ¥ j - f hai | * eure ’ mm) 2 , g26 €83!/ Vira. eT 


| | : 
nt % a4 ufo ol s@eebh Die Ic (To 


KF el ld aonbst 104 mt 
: — ; - 
oe a a5 - 
aoccl] vitoaspenay $en7 3 “3G 
i a gee aren: — "kes 


a 
awl 


Rr eT 


a 7 mn 
f9x0u) wisdess 23.03 POISE tI, st LAG |, Am 240 crepes 


: , ' 
- ano dt -eoq¥2 'saeTy 25 S$@2 nt Bebwisnt 


> ._ 
; — 
bos evan as pty beter Ag est 2 die aBis rena 4 Pe hu meros 
‘ 7 i 


; - 
4 an ; z= a ae 2 etal a 
- white to enbthnucdne ‘siete ~ da 


: we Oe foinsst oe soem 
“anny ail’ ay * aa aa th rice a wall 
y _ | ee 


_ 
- - 


_ 


Figure 9. A Dryas octopetala community at 2410 m on Windy 
Peak, Washington. Plant cover is relatively low 


on these dry sites. 
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Figure 10. Distribution of dry sedge and dry grass 
community types in the North Cascades Range. 
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SL 
upslope for much of the summer. Snowmelt takes place from 
mid-May to early June. 

The wtota lPaverarerwp lant cover (2197) sin thisstype is 
the highest in the alpine zone. Danthonta intermedia has a 
high frequency (99%) and average cover (56%), and it 
dominates all stands: Many associates, such as Carex 
setrpoidea var. pseudosctrpoidea, Potentilla diverstfolta 
Val sectverstsjolrla,wArenarida eaprliartis and A. optuetLova 
also have high prominence values (Table 1). An average of 
BOMSpeEC Les per stance (65010 total) aLeeround site this ty ocr 
Common cryptogams are Polytrichum juntperinum, P. ptltferum, 
VOrtuLaururatie,., Cecrarta tslandica and CLadonta pyartdaca. 

b) Calamagrostts purpurascens community. Small stands 
of this community type are frequent at higher elevations 
Coveres 2 500m) sine thescastern NorthsCascadesm (Fig. 6). 

Slopes are moderate to steep, well drained, and often 
rocky. osonow accumulation is slight: with snowmelt occurring 
relatively early (April to early May). 

Calamagrostts purpurascens is the dominant species 
(mean cover 38% and frequency 97%) and is common only to 
this type. Sixty-four species (average of 41 per stand) 
occur in this type. Carex sctrpotdea var. pseudosetrpotdea, 
Arenaria obtusiloba, Oxytropis campestris var. gractits, and 
Potentilla diverstfolia var. diverstfolia are prominent 
species (Table 1). Cornicularta aculeata, Cladonta pyxtidata, 
Cerrar ae erteetorum, and C. islandtea are the most 


conspicuous of the large number of lichens present. 
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Polytrichum juntpertnum is the only constant moss of 


importance, 


Dry sedge community types 


The dry sedge types ays probably the most character- 
isticealpine communities in the» region, tespecrally ine the 
eastern North Cascades. These types are found on the drier 
slopes of their particular ranges. Five dry sedge commun- 
DovesmaLomleCcogi.lzic Gm Nm iL Sms EUdiy.s 

a) Carex spectabtits community. This community type 
iserestricted sto drier,, moderately steep tomsteep, upper 
Slopessiny thew westernea North Cascades (Fie. 10)),) ihese 
southerly, well drained habitats are free of snow relatively 
early (mid-May to early June). 

Total average plant cover (210%) is one of the highest 
of all the alpine types in the region. A total of 61 species 
and an average of 30 per stand are found in this type. 

Carex spectabitlts is the sole dominant with a high average 
cover of 55% and frequency of 100%. Other prominent species 
are Solidago i onsa, Valertana sttchensts and Carex 
brewert (Table I). Cryptogamic cover is high (617) with 
Cladonta gracilis, Cladina mitts, Cetrarta ertecetorum and 
Polytrtchum piliferum being major components. 

b) Carex phaeocephala community. This type is common 
on moderately steep to steep, well drained, upper slopes in 
the western North Cascades. Farther east it becomes less 
frequent and often grades into the closely related Carex 


scitrpotdea var. pseudosctrpotdea community. The Carex 
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phaeocephala community occurs mainly on southerly aspects 
although several stands in the eastern North Cascades were 
encountered son snonuhwest or northeast aspects sssin the 
westletngNortheCGascades this@is the first major plant 
community to become free of snow while.in the eastern part 
Giethesregion, although snowmelt is about the same (May), 
several other types precede it. 

Carex phaeocephala, with a moderately high mean cover 
(27%) and high frequency (97%), is the most prominent species 
LOC lemGOmmunity:; met lonisticaliiy = fhice tse th Gumic he stmva 
totalforelLOUlsspectessandwan@average of 34¥per stand) and most 
variable type in the region. In the western stands Phlox 
Gi ipsum seagmayormagsocilate.. (iupimussveptaus) van. Lepptd 
PToetipOgcantwOu lysine tiemcentral Nort heCascadesuwhiLe 
Arenarta obtusiloba is common here as well as farther east. 
Carex sctrpotdea var. pseudosetrpotdea is the most 
conspicuous associate in the eastern part of the region. 
Prominent lichens, occurring only in the western North 
Cascades, are Cladonta gractizts and Cladinaimitve.) The moss 
Polytrichum ptltferum and the lichens Cetraria ertcetorum, 
Cladonta pyxtdata, and Thamnolta subultformts are prominent 
tinouchoutetherrange (lablesl). 

c) Carex scirpoidea var. pseudosetrpotdea community. 

In the eastern North Cascades (Fig. 10) this type is 
frequently found on dry, well drained slopes at all 


elevations and aspects. These sites become snowfree between 


mid-April and early May. 
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This community has an average of 35 species per stand 
aud tastotaleoft 79 Ur ethevdominantespectes , “Carex ieetrpotdead 
var. pseudosetrpotdea, has a high mean cover (36%) and 
Erequency ©(94Z). *eThis species tic talsgo tone “of ithe®™most 
common and abundant ones in a number of other alpine 
communities in the eastern North Cascades. Potenttlla 
diverstfolta var. diverstfolta, Carex phaeocephala, Festuca 
Ovinaevarts brévifoltay;y and Arenaria obtustloba oceur with 
mode@rateeLtrequency andwcover invthettype. SeProminentGecrypto— 
gams are Tortula ruralts, Bryum wetgelit, Cetrarta tslandtca, 
and Lectdea granulosa (Table 1). 

d) Carex nardina community. This community extends 
along =themeastern silanks of Pthe (NorthaCascades@(F fetal0); 

It is restricted to the dry upper slopes of the higher peaks 
and shows#noeaspectspreference. SWinter®snowecoversis siight 
thus@snowmelteis (selatively tearly* (latePApriletorearlyaMayr. 

Attmaveragce@ops2 Speciés *persstande(70singtotal) .occur 
ins this’types**Careztnardinag, with a high frequency of 947 
andmasmoderately high cover OL 19/4, ,,iseche dominantyplant. 
Common associates, although with low prominence throughout 
the community range, are Festuca ovina var. brevtfoltia, 
Arenarta obtustltoba, and Smelowskita ovalts (Table 1). In 
the southeastern part of the area (Star Peak) Phlox 
hendersontt is an abundant species. Important cryptogams 
are Tortula ruralis, Thamnolta subultformts, and 
Cornicularta aculeata. 


e) Kobresta myosurotdes community. The Kobresta 
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myosurotdes type occurs on high (above 2250 m elevation), 
well drained, moderately steep to steep, xeric upper 
sLOpecee (Dig wel ljeingthes eastern part ror, the rerion, Uric. 
10). These exposed habitats remain essentially snowfree 
MOGteOL the winter we Giablow snow accumulation is found sonly 
between the tufts of Kobresta myosurotdes or among slight 
frost hummocks in the type. 

Sixiy-sixsispecies sper stand (441m total)iare found 
in this community. Kobresta myosurotdes is the major 
Specites with avhnigheaverage cover (437) “and frequency (987). 
Prominent associates are Carex setrpotdea var. pseudoscitr- 
potdea, Saltx rettculata, Oxytropts campestris, Arenarta 
COLUGELODO POLE CL IO AtUeYSEtOLiG Varad tueretsOLiTa wand 
DOlTuagO muUCTTVadtara.we Tne total eryptoram) cover (054), 16 
the highest in the North Cascadian alpine. The most 
important of the many taxa are Tortula ruralite, Polytrichum 
juntpertnum, Cladonta pyxtdata, Cetrarta tstandica, C. 


CrAeCCLOLUne andiscemiCucuLLaTG. 


Blockfields 

The level or gently sloping summits of almost every 
mountain in the North Cascades have accumulations of coarse 
rock detritus or "blockfields" (Embleton and King, 1971). 
Since most of these sites remain essentially snowfree all 
winter, frost has caused extensive breaking of the sub- 
jacent bedrock. Other frost associated phenomena, such as 
sorted and unsorted circles and nets (Washburn, 1956) on 


level surfaces and unsorted stripes (Washburn, 1956) or 
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Ficure 11. 


A Kobresta myosurotdes community at 2400 m on 
Arnold Peaks Washington. —o92Lte sfeLrter oun. 
Oxytropts campestrts, and Arenarta obtustloba 
are the most prominent plants occurring between 


the Kobresta clumps. 
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58 
vegetation|stripes jon+slopes;,.are common.to the blockfields. 


The blockfields in the North Cascades can arbitrarily 
be separated into four general groups (herbfields, vegetation 
stripes, boulderfields,.and fellfields) based on amount or 
agrangementeoftyvesetative,cover or size ofprock sdetritus. 
FES-LOtal vyeretativescover dsp,ereater, than, 507. the:term 
herbfileldpis,used,. Vegetation: stripes, .where, the: vegetation 
isearrancede in, Jones paralle!l strips, leto, Zempeapart. sare a 
second group. Tigrocksor boulder cover Comprisespaty least 
50% of the ground cover the term boulderfield is appro- 
Draoteew Lt NoOneswotwthes above criteria sarcamet ‘theses tents 
theng classitdedeasaired i fiel ds 

Pir tyepine piockiiteld)stands,. containing altotal ort 
94 vascular plants and 38 cryptogams, were sampled and 
analyzed. Beta diversity (Whittaker, 1960) was so great in 
these stands that most of them plotted in a single, 
undecipherables; group ing thescenter,ofyordinations, 
Separation: of theestands«intos thesabove four’ classes) (tee. , 
fellitelds, seLbidelds,;s etc, )eOreadin Comma tor feoerap hidic 
wegionss did, noteimprove, ordination, performance. .Usevor 
several cluster techniques (Pritchard and Anderson, 1971) 
illustrated, stand relationships. more clearly and verified 
that beta diversity was extremely high. The cluster 
techniques indicated that no fewer than 24 sets could be 
recognized within the 39 sampled stands. These sets had 
ldjttilesboremo,4 corredation with amount ofeplants ormrock 


cover and revealed no regional pattern. 
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The blockfield stands throughout the North Cascades 
Have Many major species in common (Table 2)')— This “large 
number of common species and their relatively low constancy 
and varying abundance results in a continuous vegetational 
change within which no divisions can be satisfactorily 
made, at least within the community concept used in this 
Scudy mel teetse GUILE likely that. with more intensive 
Sap iipReeCCducedamlotmscaze, and thesincluwsionpotea td 
cryptogams, a "community" pattern would emerge, at least 
from the fellfields and boulderfields. These stands would 
probably be recognizeable at a micro-community level and 
woulds coxrnespondsto microhabitats within the fellfields or 
boulderfields. 

In general, the most notable floristic differences 
within the blockfields are due to those species having 
restricted tolerance ranges or geographic distributions in 
the North Cascades. A number of species (e.g., Soltdago 
mutttradtata, Oxytropts campestris var. gractlis, Achtllea 
millefoltum var. alptcola, and Cerastium arvense, although 
found in a number of communities throughout the region, 
eccur only in blockfields of the western North Cascades. 
Many species reach their geographical distribution limits in 
the North Cascades. Phlox hendersontt extends north only 
to the extreme southeastern part of the study area (Star 
Peak), where it is an important blockfield component. Less 
important species occurring with the latter, and having a 


similar northern range limit, are Hritrtichum nanum and 
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62 
Douglasta nivalis. Farther west, in the Glacier Peak area, 
Ca_lomia tdebtits var. larsentt reaches its northern limits 
and is often abundant in blockfields. Rocky Mountain or 
arctic elements, extending into only the northcentral or 
northeastern part of the North Cascades are Carex scirpotdea 


Var. pseudosctrpotdea, Potenttlia nivea, and P. uniflora. 


Krummholz stands 

The overstory composition of krummholz stands changes 
mMatrkedly f&#rom west to east in the North Cascades. On the 
west side of the range Abtes lastocarpa (HOOD Nitety as 
the dominant overstory species. Tsuga mertenstana and 
Chamaecyparts nootkatensts occur infrequently and rare 
occurrences of Abtes amabtlis were noted. In the central 
North Cascades Abtes lastocarpa, Ptcea engelmannit, and 
Dav iimelUu galt? ear ete COMMON lie Latter, ismoccasional ly 
founds in sway prostrace torm, but more often) 1s erect, with 
flagged tops, and grows adjacent to the more prostrate 
COnMPLerTS pel LTnUSmOlLlTcaulve falsowoccurs in the central) North 
Cascades but is less frequent than the previous species. 

On the east side of the range Abtes lastocarpa and Larix 
Lyallit decrease in abundance while Picea engelmannit and 
Pinus albteaults are common. 

The understory of the 42 krummholz stands sampled during 
the study showed low cover and considerable variation in 
composition (Table 3). -The use of ordination and cluster 
techniques Betmied to correlate understory composition with 


either overstory composition or geographical region. The 


; ert. | 
$6o Neeson ‘yweng "ehLg kta sold 
, ad ' 


7 a. eee 
so (8iasssttson sa. VA ee at vos 


< 


wea AG ebhent’ad dad ate nt duis oF Jaew Seat “ties thar 
7 ‘ > % 
et'..9204% C.so08) 5 OPER 2 \ «nae off Vo obha tea 
ree ta ! 
- 
hii 2nd, chee ton ei ~2stonarye oT A Tee ?waatmod hel 


_ = 
, a ¢ : . - wat) - _« , tae 
etna Lab YLlasupsstAr auso9 f iso DPS PS 9.5 Fs 


vab fy 


; a aicbett 


‘tfanolassss &F 2730) 2an' anton std .tted Siaeasl 
; v 


12 a Josoye Fs. traaTy om Jot » ff Po i \2 evangas a mh bas 


fs 
~ 
od 
|] 
~ 


tq Stet sae @2itnaapabbs awotg bette e2q07 om TLse 
\ 7 a i 


Wuiet Paxanss sti ond areodo obels. atisne oe shel ya eitaos 
7 
/RAakouqe aYoHiveta eit ned? dorappaw? asal 34 


“ * 7 * * « . 7 , vor . t. ae! i 
hs teu DAE DVIPS Ada SG ro A SAUL i sat ta a nin a 
r ; a vs 


“ tga Foeentiayns HAs ote ssrKRh aude, av on ssiaed wa 


rae - ! er ee Y a 


seen wt hots oi cde 


aiibits anes seh ‘ 
pheogs fry ied 4] eith ae > Ams 
Pa ache i 
‘a asia i a 
be. ss Ft 8 le ayy — ’ a el whl 
i tind lt sales nated 


~ oO ‘ ae 


63 


paandandodzp vrisdupyosagq 
pypippdrzpznu obvpr 10S 


sap104a03zs71q wnuobhjzog 
p7figstaedq *“1eA 
purao ponzsag 
$17210Da6 *1eb 
0170f[240] polUdy 
undtbB1u wndizgeduyg 
puvisuazdiouw adorsspvy 


pzpu1,z0ad DayYWNEeT 
stutofr1azadua aoopo rz hyd 
unNSOLO1Zeap wntU2.0Od,A 
s2172qvyoeds xradvg 
paio7vfi1znpuv7z6 aoopo 7zhyd 
SEINVId UVINOSVA 

22110h1 ZLAVT 
t1uudu]abua vadltd 


827nv01G]D snutd 
pddipoo01syv7] sa2rqy 


SYaHd4INOO 


sotoods 


es SE = naa ere =e ae € 
— —- — — od — —- 7] 
en —— — —— — —— — a7] 
6 ic 9 T 6 ae aa S 
— — —— — — —- ———r G 
— — ———— — —- — — 9 
—— = = ae = OVE €OT (os 
— — — —— a oy € Ov 
— — ame oe soe 9 Se CY 
Fas mae! —— = — os a €S 
. — = an = a Fe Le 
06 ere ST =e oan yim eee es) 
= aaa a ae SL6 Cane ae sa 
L in €96 0S8 a = li os 
7E8 698 in eae 7 = OT a 
: ae oe a es iad S88 0S6 
ee ee 
(TT) (€) cS) CP (Z) () (€) (9) 
Tse Tersuds) JSPR eT etguS) enoGe 4 ileealieicls) Teiqzueg 3seM 
$17nDd1G710 t1UuUunU7] abua Lad) PD. pdiDOOTSDZ 
snutd paold LLADT SO1dy 


NN 


sjueurtwog z[Toywuniry 


-a8uey sepeose) YAION 9YI JO (FSPO pue *TeAQUSD 


suOTS9a1 9e1Y4} UT sedh4q zToywuNnAyY Anojy ut saetoeds quetd jo senTea aoueuTwoid uesy 


*350M) 


°€ ATAVL 


7 r 
a 7 
ae ae 
7 7 i 7 = 
a7 t Y 
ra De aay 
|| = 
| : a 
a 4 


wt o. 
me wf %; id 
| or i i 
= : 22 <i 
oo 
A 


+ 
— 
=5 
“4 
i 
as 
— a. 
a 
_ 


Rf) ; 
. >: 4 o Re 6 (fl 
i ’ A “4 ? 7 
t a) A - Ve : 
LP ds ‘oe . re ee - 
'  e A 


na 
a 


me 
Ss 
7 


pols porye: 
a —— 


oh l : 

(ey a) 

an* =. ~ 
7 

. = S he ‘ =f 4 ; 

' ' 7 

o - Ph f a 3 

he | Q i ; 
«) | 7 ; 
1 - wi 7 


i 
oe Ss 
5) >a 


© 
, = 


6) 


— 
ar. 


—— 
i 
+ 
<7 
oF 
a. 
7 
as 
° 


_ 


bq ¢a2 


q 
Sel 
— 


_~ 


— L1UOsSdapUusaYy LO VYd 
— Dsuap 077 aUaebd Tag 
— 11277v0f2 snddodojzdny 
$2401721d00 Didvuady 
a snadnpo uodtab1ag 


64 


— 11biagqpuvs vog 
— psouoaoDd SIAD]NOLPIg 
—-- t1uU0spltaDpp “AeA 
t1UOSplavp Uuoweysuag 
untandoos wnturd99Dv4 
purd7o vlapuuazuy 


eae eee oles 


Oo 
Ton SOMO NO Satanic) 


Geel 


thiuvd aue71g 
wn2q7ofaz7 zum Da112YeV 
snutdbedod uodtab1ag 
L1pjzofswmdonm Dao1uddayg 
L2bdaquazyoa vynEngI 


N 
oO 
oe) 
rc 
wt 
N 
Ml ds 
wy) 
rc 


Ho 
S 
+ 
| = 


0170f7staatp 01714uUa40g 
p170ftpunzod voynuvdung 
unzatpdzrata wnuobh7zog 
SisUuapvosvd xL170g 
Sisuayo47s wntpodoah7 


D210f2119qR1f 01124Ua40g 
@7200ab wnidovdaly 
snutd7pqns *aAea 

SI 7OLTI DT enurany 

a a a eo eS 


| 
| 
| 
ta 
| 
ae] 
jae 


uw) 
Paes ie 
ANN ANNA FAoHodad | 


Gan (€) (s) (7) (Z) (S) (€) (9) | Sore2ts 
3seq T[eaquey) T8Cqe Teaqie9 16840 Teaqgue9 Tezjzusy 3Se2mM 
$217 nNvo1qG7Iv Ltuunuzabua OR MOG SD pdkD2O01SPT 
snutd De01d LLAIDT So1dy 


te ES ee ee ees 
sjJueuTwog zToyuuniry 
ee eee a a erence tanec eee 


“Penurauoyjw <¢ anavs 


= 


Se 


——— 
Taseanimed. 


ae “id 


eke 
“ae 


eS. 


es 
Rc dey Sere oy = 
; . 2) Seen abs re 

ae c Ay oe 

; <p c ‘phptedasttse 
Lt a . . . SF - Teena ha} AS 


eae 


- ray] 
— = nan | noth BNI LS ETOP. anal att 


€ ] = v% ot ; a : - « . 
s i anasbiceS Miquseees 


we 


: : e ' rec hS> ae a : 
— _— — a z apts Rees &% 
aoc r = : ; we, - é 5 nite, 


aes sas = — snipidaqz snutdnq 
— a. as — 11880I LaAD] 


65 
| 
| 
| 


T — aoe — a unortpunzUuaodb wnpaT 
— — tidavd snounr 
—— — — — purd7D vod 
Z — — a wunutdtayoznd *1ea 
unutatayoznd wnirudMe7] od 
Z T C iT Z —— — — p7zoyda00anyd xaavg 


tal ah Ga) GNI ee) SN 


cy 66T CG al CG — — oe stunuuoo sndadiunp 
L as — = (6 = — — _ paprodd1osopnasd *1eA 
peptodd19as xadng 
v7 — —— — p703,adD1900 svhug 
7 = — — DYLAOUL YgGvag 
GE 2 am = —— DGO71ISNLGO V1IAdUseAY 


—- € a a sni7of1yqzunidadijzs oldauag 
ae? G — noes ponv 16 sidasoby 
ee aL aa — psnff{7p xojyd 
pSOadaU DO” 


—- 8S Se — sndao0ad uowazsuag 
ic Se paiozfraavd 0la77Ee4sv) 
a — T — DZDUD] DLADUUSLUY 
€ — YYD]Oe0Un] wWNpasg 

€ — t7puowuntp *1eA 
L7tpuowuundp auououy 


Leen Beas 
Ee ee H 

N 
ues | | +N | q | 
rd 

oO 

= 


CTP) (€) (S) (+) C2) (S) Ca) (9) setoeds 
3seq [TerAquay 3Sseqy Teaquey yseq [TeAqUEe) Teaqzuse) 389M 


$4t7nva1G 7H ttuunu7yabua DIP UO RF pd&vo01Sv7 
BnUtT_ Da01d LLADT Sa1dy 


sjueurtwog zToywuniy 


aa Saoe“I_______——3—°—“<“\“¥“axw—ro—oC—s—s—s—SSSs.NNVNTiINIe—C=HjIjl—0606—$@$@$8——8$00(—0—q00B SS eoooooooEoaooooooooEoEooooeeeeeeeeeeoeeeeeeeeEeeellEE—————llllEEEEEe——————eEESESESESSSOSSNS 


“ponuFfAuopnN “*€ ATEVL 


oes eee —— s _— 


ae 7 


— on 
| - ~  agnensaed 
— — ea - —_—— - 
: ; —_ ee 7 —  peees = . : 
‘gbiee * Rbeangeagere Wiilogi =: 
p  €e9 a agen Setaned  +$e8 


~ ~.% 


— it) tc) “4s? 5 ce. . ° an , 


wu 


caFodsany21 


m3) 2, y *} wate! 4 UG -— ; 


= 
aa ; : : — 7 qreras ty Besa se 


— E = = 
a: — 5 
+, ae cas 
£— - —- = 8 
aot — - ee a ubaet 
; ~<a } LM a 
far | 
a oO 


66 


| 4 
de 


opel (€) 


+SB9 Tesiquo gp 


SLI nuoTg7 0 
snutd 


+ 
6 


(¢) 


qyseq 


rT 
T 


OW 


Teaques) 


L1tUUudUuUy abuse 


paold 


sjJueuTwog 


Ca) Cop 
152 in Detaue) 
221104A1 
LEAD T 


ZToyuunay 


(€) (9) 
[Teaquseyg SOM 
pddvoo01sny] 

SO1qdV 


pupo1ds D7NBZNT 
snzoigqno76 *1eA 
snqrsodwoo uodob1ag 


22110A1 Siqoay 
TEHOUSN Om IEA 
11LyOLSnD vVOd 
ungovor1ds wnyaestdy 
$2117DAO D1yxSMO7Z AMS 
SapLOoUUutaUodD Xadvyg 


suaqunoodd v01p7vqqrg 
$27D10uU0dq vDbodafixng 
D77aULATqUN DLIADUUALUY 


satoeds 


penupfqyuop *€ ATAVE 


—_— 
_ — 
= yan 


; Pees riage . agewen’' fet 


i Li 


sin 
oo kasensa 2ant Leas | 
+ (€3 i¢ > ; (8) a 


a ae — 


Sparse understory flora appeared to be selected from nearby 
communitiest@irrespectivetof thescommunity ity pelt hRegional 
separation@is®note8consistent sincewspecies stch#as 
Phyllodoce glanduliflora and Festuca ovina var. brevistyla 
maytbe important®across the entire ranger (Tablee3) ue Carex 
econetnnotdes and Ledum groenlandtcum are the only species 
essentially restricted to krummholz stands in the ‘alpine 
zouenof the North®Cascadets tVaccintumascopariums is e@theeonly 
species that reaches its maximum prominence beneath 


krummholz stands. 


Plant Diver sutiy 


Alpha diversity measurements (Whittaker, 1970; 1972) 
included species richness or number of species in the 
sample (S), general diversity or richness and dominance 
concentration (#), and equitability or evenness (#). Trends 
of S, H, and for the most part, F are similar (Fig. 12). 
Although the communities or vegetative units, along the 
avscioscaceOtehi pie eave. peenweplacedmatDaclarad Uva tne yada 
ee ens reasonable gradient (based on both quantitative 
Aucmcialttativerdataetrome mildi sto "harsh" environments. 
Communities with relatively late snowmelt, adequate summer 
soil moisture, high leaf water potentials, and low degree 
of exposure (e.g., snowbed communities in the western and 
central North Cascades, heath communities and krummholz 
stands) thave slows, H, and £ values and are considered mild 
environments. These communities are also those in which 


most of the lower elevation (mainly subalpine) species 
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pccur,s thussindicating a milder or more favorable environ— 
ment. | The (diversity values tend to increase with earlier 
snowmelt, sdrier soils, lower leat waters potentials and 
Sreater exposure. = thewlatter conditions represent a more 
‘Haren (envirenment, and are typical of dry sedee and dry 
Srasencoumunities,  nerbivelds andj vegetation stripes. — With 
aeconrinived -increaseninenarsiness @ point’ 1s reached at 
which S and # begin to decline. These lower values are 
attained i the Pellrieira, boulderfield, and unstable snow-— 
Dedmstctes On theseamore PigoOrous Sites =f declines vonly 
slightly. 

Although the epipetric and epiphytic mosses were not 
fnuelmdedudn  sthivcmstudt. they are,of importancesonly in 
fellfields, boulderfields, streamsides, and rock outcrops. 
Their effect on alpha diversity components in fellfields 
and boulderfields would be slight since they are usually few 
in number and of low abundance, due to frequent disturbance 
of the surface strata. In several instances, however, 
Umbiltitearta, Lecanora, or Leetdea sp. were of high cover, 
thus the equitability component would be lower than that 
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Soils 
Morphology 
Alpine soils are relatively poorly developed and fall 
within the Spodosol, Inceptisol, and Entisol Orders ..A LL 
but the latter have developed in parent materials that 


contain a high pyroclastic component. These pyroclastic 
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Figure 12. Means and standard deviations (Vertical mdnesoe or 
general diversity, equitability, and species 
riEcnness inerelarntoneto senvironmente latwuecar. 
Abbreviations: S-L - Saxtfraga tolmtet-Luaula 
wahlenbergit, E-L - Ertogonum pyrolaefoltum- 
Lusula wahlenbergit, CNI - Carex ntgrtcans, ANT - 
Antennarta lanata, CBR - Carex brewert, CCA - 
Carex capitara,, LUR 4 Lupinus (ace folpuec thom 
Festuca vtritdula, CAS - Casstope mertenstana, 

PHE - Phyllodoce empetrtformts, PHG - Phyllodoce 
glandultflora, ARC - Arctostaphylos uva-urst, 
EMP - Empetrum nigrum, SAR - Saltx reticulata, 
SAC - Saltzx cascadensts, DRY - Dryas octopetala, 
DAN - Danthonta tntermedta, CAL - Calamagrostts 
purpuraseens, CSP .- Carex spectabilts, CPH - 
Carex phaeocephala, CSR - Carex sctrpotdea var. 
pseudosetrpotdea, CNA - Carex nardina, KOM - 
Kobresta myosurotdes, KRU - Krummholz, HRB - 
Herbfield, VST - Vegetation stripes, FLD - Fell- 


field, BLD -— Boulderfield. 
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deposits originated from a number of recent volcanic 
eruptions within} and§toethejsouth: of; the tsthdy) area 
(Bockheim, 197 2eewanekyswy ks) 1969). 

The Spodosols of the region occur mainly beneath 
krummholz and heath vegetation. The best development occurs 
beneath krummholz, especially in the western North Cascades. 
These profiles haveagmoderatelyythickrp(upstol7,.cm) organic 
layers, moderately well developed eluvial horizons, and 
LGU ie eeiOL us Oncmeianacteri zed byentehmoreantcemat ter 
COnueCeHe.welne Lol Vowingeproraleu Cl 0)eismty pica le oarakrunmion 2 


Stands in the western North Cascades: 


Horizon Description 
01 Jmeoalsgensyfréeshuconzferousy (krummholz) 
Lat terk 
02 de tomO0fcmenpartiallyehumified forestaditter. 
A2 Optoe /acms (darkeredddshpeorayetiO Rk 3/1l)e sandy 


loam; weak, medium subangular blocky 
structure; breaking down to moderate fine 
crumb; very friable; abundant fine to medium 
roots; extremely acid (pH 4.0); abrupt, wavy 
boundary. 

B21 JmcomboNchimdark  reddtchmbrowne(2. oi Racy 4) 
loam; weak, medium subangular blocky struc- 
ture, breaking down to moderate, fine crumb; 
friable; abundant fine to medium roots; 
extremely acid (pH 4.3); abrupt, smooth 


boundary. 
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Horizon Description 

B22 LOMtom seen se darki Drowns (7 .5P YRO3/2) very 
gravelly loam; weak, very fine crumb 
structure; friable; few'fine rootsj3° very 
stirone lyeacid= (pHs 4? 6)8 Sabruptysirrerculae 
boundary. 
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Spodosols associated with heath vegetation are 
Cnaractverazedabysthinsotreanic horizonsm@. cm). absent) or 
i”percepLi plese lbicwhorizons, and abundante organic matter 
IDC NeCE It tuUvViateiOnLzZOtey es Te rohile 9 eis typical aot sneath 
communities in the western North Cascades. Detailed 
analysiseot thissprotile by Bockheim (10/2) mehowed that in 
the B2 horizon the ratio of percent pyrophosphate-extractable 
Fe + Al to percent dithionite-extractable Fe + Al exceeds 


OLoO, tenus placino@=teewichine the SpodosoumOrder® 


jeWe i eake Ace} a) Description 

01 Trace, tresh plant Litter (mainly heath 
species). 

02 IetonO0vem; partially humitied herbaceous 
Deut Looe r. 

Al Omeonoecmhs dark reddishmprown 65.8 GRes/ 3) 
finemsandy si oan: moderate, fine crumb 
structure; very friable; abundant very fine 
to medium roots; extremely acid (pH 4.3); 


clear, smooth boundary. 
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Horizon Deger ip tion 

Beak Sy tombosen tedark Gyed-bowish brown (LO°9YR 3/4) 
fine sandy loam; moderate, fine crumb 
SCrUCCUReGs ei hiable: abundant stine /bo «medium 
COOLS weve Lys Ubon Se vera c ides (piu) ) mre radiata ls, 
smooth boundary. 

Bi2i2 EGmtomovechi>; dark vel lowlsheb>rnowmeClO syRe4/ 45 
gravelly sandy loam; weak to moderate, fine 
erunbestructures! f[riablesepdentirul, vervyercine 
COMPIMemLOOLSS Ver vrs Crome macs ph eedson) 
abrupt, smooth boundary. 

C Si mecOmoomcmehs .vellowisn browne GLO. Roya) 
very gravelly sandy loam; massive; friable; 
feowmooaplentitul fines roots js veryastrone 
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Most of the communities in the North Cascades have 
soals typical offjehe) Inceptsisols Onder, Rilheieinceptisols»,are 
rather weakly developed, lacking significant illuviation, 
eluviation, or extreme weathering. These soils have 
moderately thickjaG4s toteh0 icm)petuniay As hor ie@ons and relative 
Ivy shigh accumulationce ofmorcantegumatter in the 1lbluvial 
horizons. Communities associated with the Inceptisols 
range from the poorly drained snowbed types to the well 
drained dry grass and dry peace types. 

Inceptisols in poorly drained depressions often have 
one, or more, ash layers present. Buried A horizons may 


also occur below these ash layers. Profile 28 illustrates 
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plmewmeharacteristics of these soilsiauwianvaner nigricans 


community in thelecentralsNorth Cascades. 


Horizon Description 

Ol Trace mriresh sedge. (Carer 21ortcans) litter. 
02 PecLOsUecie partially snumittedmsed tem litter. 

Al OM COMO MCI vier y) dar eo ra ys heb mower (Oma em) 20 


boamssweak,. fine’ crumb structures: iritabplLe: 
abundant very fine roots; very strongly acid 
Colm js maDTuUpty wavy eboundaay. 

B21 JeCOm ect dankub wow neem. heey. > me oa tidy: 
Moams iweakayhine Scrumbestructunmes tiirniables 
plentifwmlisveryeiine roots sestronaly saciid 
Gp a2 )iseeradual jasmootigbounda ny. 

B22 LS CCmc acm sda mk BOW ye UOm 1 Rees) pes Indy 
Loam weak hi nereeCrunp Boi nwo hes es ria bile. 
DLentd fuleVvery fi Nem TOO USces ron Lyra cda 
(piel) so brUpt wavyeboundary., 

eal Zito? Gch sw ecrayisns brown] OF VReD/ 2) 
sandy sloam;s) weak, finewcrumb structure, few 
VeEenVetineerootSssa strong yeact ds ( pHaon. 
abrupt, wavy boundary. 

Ge 24 to 28 cm: dark yellowish brown (10 YR 4/4) 
sandy clay ae weak, Line crumb structure; 
fewavery efinemrogts  —=suromel vara Cider Dildo )/: 
abrupt, wavy boundary. 

G3 28 to 31 cm; brown (10 YR 4/3) sandy loan; 
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Horizon Description 
roots, strongiySacide(pHises)sTabruptsiwavy 
boundary. 

C4 SIPtows4ecmyedark browne 10S YRes/S)@sandy 
loam; "weak, =fine%crumb’ structure; fewvvery 
fAnemrooes.a sPronglyeacidgtpl S24) eabruptl, 
wavy boundary. 

c5 JemtopoUecmat; dark yellowish brown, (10 YR 
3/4) esandy, Loam: weak.wtine crumb structure: 


DeWeVeLyeiie TOOLS + StL LO a yr acai (pHi loc) 


Well drained sites have A-B-C profiles typical of the 
Incepttsols Methe vtoltowinesprofti le t(27) focturredtbeneath 
a Kobresita myosurotdes community in the eastern North 


Gascades: 


Horizon Description 

O1 SC Om CM si Lesln sed co carlsGoern. 

02 2etom0, cms spartially Nhumitied sedge litter, 
Al OPton9ecm: iblack (CLOMYRE2 (1) @sandy loam: 


weake, Lines Crump Sstructtte; eiriable; ,abundant, 
VErveLiner LOsLINewrOOoOto astronreuy acid 
(pH@oes Je ecradual® wavy botndary. 

Beat ORGomlewcm> very dark brown) (10° YR 2/2) 
sandy loam; weak, fine Crumbest ructures 
friable;*plentiful, verywfine roots; medium 
actaGmGpHeSe/) ¢@abruptyewavytboundanys 


B22 19 to 24 cm; dark yellowish brown (10 YR 3/4) 
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Horizon 


The most 


Description 
sandy loam; weak, very fine crumb structure; 
friable; few very fine roots; medium acid 
COimoey J) wa DrUpDU, I rrertl ares noundarys 
20 Om Gmecilat aD rOW ni lO Reavis.) ere ved toy 
sandy loam; weak, fine crumb structure; 
[tiable; tew very fine roots; medium acid 


CpHasaro)r. 


poorly developed soils in the region are the 


Entisols. Theseersoieus ares-assocdateds wa thi.ea therm unstable 


snowbed sites or the high windswept ridges and plateaus. 


The latter areas usually support blockfield vegetation 


although several of the shrub community types may also occur 


on, these sites. 


The Entisols generally have only thin 


surficial A horizons beneath the sparse vegetative cover. 


PrOtgeen/ sus typucaimonheche Entisols occurring ine thespaock— 


fields of; the, western Noxthe Gascades. 


Horizon 


C1 


C2 


Description 
OP tome ch: very darkeoraye co 1 3/.)— sravel by 
Loam structureless; friables no Toots ; very 
Stronguvyeacid  (pHed/) se radval.esmooth 
boundary. 
Zetoeloncem:; Very dark grayish brown (2.5 Y 
3/2))eravelly sandy loam; structureless; 
frieble: no roots; very strongly acid 


(pH 4.6); abrupt, wavy boundary. 
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Horizon Description 


R Lé cam +3 weathered shale, 


Physical and chemical properties 

Physical and chemical properties of soil profiles were 
determined in a number of the major plant communities across 
the North Cascades Range (Table 4). Soil pH varies markedly 
both within end between soil profiles, but generally 
ceGChCaceo With ece pli sine most acide (pH). ctor Us are 
those associated with krummholz and heath vegetation in the 
western North Cascades. iInceptisols are also highly acid 
(pHS3-p 60 m5sL) Ast western part of the region. Less 
acid (lh e4. /i.to 10.9, sotls occur in snowbed. and £elitielid 
Habiltatsethrouspout the range ~The Least acid®™ (pHe>2 to 
6.0) soils are those associated with Dryas octopetala, dry 
grass, and dry sedge communities in the eastern North 
Cascades. 

All soils@become coarser «textured wwii thadepths.s= «Total 
sand generally increases with depth. Maximum clay concentr- 
ations usuallysoceusn in the upper.B horizon. Sand, plus 
Stlermuonclavueratios are, relatively, high inv all soils, 
possibly a reflection of the large amounts of pyroclastic 
materials present. 

Greaniictimattersis Nighest in the surface mineral 
horizons (except A2 horizons) and decreases with depth in 
the western North Cascades. Farther east organic matter 
levels are lower and maximum organic matter concentration 


often occurs in the upper B2 horizons. 
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Total exchange capacity levels are positively 
correlated with the organic matter trends. Exchangeable 
cations in soil profiles of the region generally decrease 
with depth. sodium occurs only in small quanitities, except 
ine Chev AZ shorizgons sor ekrunmmnolz stands and Al horizons of 
Kobresta betlardtt communities. Calcium, magnesium, and 
poOlasciumelevelseares low, DUtL ane comparable to, those 
determined on similar parent materials in other alpine 
areas (kKiickortem lOO lseNimlos and McConnell 1905 5) Bliss, 
VIGOsslohnson, lO70) eel the eastern Nortnecascades 
(British Columbia) van Ryswyk (1969) found much higher 
sodium and slightly higher calcium levels in alpine soils. 

Available phosphorus generally decreases with depth in 
contrast to some alpine soils which increase (Nimlos and 
MceConmeds! 484965) Kuremotosand Wlhiss, (1970) alsosftound 
phosphorus decreased with depth in the Olympic Mountains, 
Washington. Potassium levels also decrease with depth and 
havesthetimenichest levels Gb6225 stom2i/.59meq/100) ¢) in 
Carex ntgricans and Antennarta lanata snowbed communites. 
Available nitrogen levels are low throughout the region. 
Nimlos et al. (1965) also reported low nitrate-nitrogen 
levels in alpine soils in Montana, although "total" nitrogen 
was high. In the eastern North Cascades van Ryswyk (1969) 
reported low nitrogen values while me the western North 


Cascades Bockheim (1972) reported higher nitrogen values. 
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Mesoclimate 


Precipitation 


Long-range climatic data for the few permanent weather 
stations show a decreasing summer rainfall pattern from 
westito east ((U.5. Weather Bureau, no dates), This pattern 
may be broken during individual summers, such as 1972 when 
Dic pitlatltone ons Ghopakastountain (east) —excecceds that. on 
Crouse Ridge at(west)m@labies5). “Lencthyorsthe intervals 
Detwecneraeiniali tluctuates, greatly. the cummer of 1970 
was characterized by frequent storms while lengthly periods 
without precipitation occurred during the summers of 1971 


and! 197.2. 


Temperature 


The long-term summer temperature patterns show higher 
temperatures in the eastern Cascades and lower temperatures 
in the western Cascades (U.S. Weather Bureau, no dates). 
During 1970, when storm frequency was high, temperature 
Varied greatly.| Periods of continuous, relatively high 
temperatures wete common during 1971 and 1972. “Highs of 
Bowie to 26e3°C, were. reached in thet lastaweek® of duly <9 71 
and the first weekpeon August, 197270on GCrouse=Ridges The 
Wiighest temperatures (30.6°C) recorded on Slate Péak occurred 
during the last)}week of July 1971. At™the Chopaka Mountain 
mMeather station; highswot 32,2 to, 35.6-C were attained in the 
first week of August 1972. Temperatures below O0°C may 


occur at any time during the summer, although lows of 5 to 
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10°C are most common. 


Atmospheric moisture 

AVevarcCEVapot-DGeCaosuresdefticits (VPD) are relatively 
low across the entire’ North Cascades Range (Table 5). 
Maximum VPD at Grouse Ridge during the three summers of 
tatoo cuday was, 0k > omcmeno, Onwwune 20. 1970s NAt 15 Late: Peak 
VPDeewe vcile cas Oo-Jaeaicd iG 10 CMC mat Ge OT) J Wau Ona 1d mes Vee O87 le 
Piemic ghestuVl) Big lon chats) recorded duringw tne =stud y 
CCCHULrErecdsone GhopakasMountain on August e545. 90/2. In eeneral, 
themdatamanuicatewthatecvaporation Asanienestm a nethe 


eastern Cascades and lowest in the western Cascades. 


SOLareradiation 

Summer solar radiation patterns fluctuate markedly 
from year to year in the North Cascades. In general, 
average recorded values increase from west to east (Table 5) 
due to the increased cloudiness in the western North 
Cascades. The highest recorded value (818 langleys/day) 
occurred several times during 1972 on Chopaka Mountain. In 
the*central™North Gascadées® (Slate® Peak) aphigh’ of! 762 
langleys/day was*reached'on’ August 5, 1971 and on'several 
occasions during 1972 highs of 755 to 760 langleys/day were 
reached. At Grouse Ridge highs were typically between 660 
and 680 langleys/day although 790 langleys/day was recorded 


Onevulye ,e19/2. 


Wind 


Wind speeds are lower in the western North Cascades 
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anges lichtlys higher Hn the central and Gastern North 
Cascades (Table 5). Maximum average velocity (2.4 m/sec) 

dee Grouses Ridgweseccurmeda diring a 24—-hourecstormy period in 
Searly August 19/1, Averages maximum jvelocittes at, Sahale 
Mountain were the highest (5.3 m/sec over 7 days during mid- 
August 1970) during the study period but this is likely due 
tomits ridgetop Location ‘ate the headwaterseobL-twor large 
drainage systems. The average maximum velocities reached 

at Slate Peak and GhopakasMountain were. 380 and 4. 5i m/sec 
respectively during 19/28 sWind speeds in the eastern) North 
Cascades and on exposed ridges in the central North Cascades 
(e.g., Sahale Mountain) are comparable to those recorded on 
Mt. Washington, New Hampshire (Bliss, 1966) and the Olympic 


Mountains, Washington (Bliss, 1969). 
Environmental Gradient 


Vegetation 

An alpine slope at 1790 m elevation on Grouse Ridge, 
Mt. Baker, was selected for an intensive environmental 
gradient study. This slope provided an opportunity to 
study the responses of plant species to an environmental 
gradient in a region where abrupt topographic discontinuities 
usually result in’ awmosaic of segregated plant community 
type cet iC.) wo iLeechang essai nh species composition and 
Structuresalone this continuum are, “or the most part, 
gradual (Table 6, Figs. 14 and 15). 
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Figure 14. Distribution and abundance of major plant species 


along an environmental gradient on Grouse Ridge, 
Mt. Baker, Washington. : 
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Vegetation along an environmental gradient at 
1900 m on Grouse Ridge, Washington. The fell- 
field Cupper) is characterizedebyeasparscemsplant 
cover. Farther downslope (middle) the Carex 
phaeocephala, C. spectabtits, and Cladina mitre 
are prominent species. At the base of the 

slope (lower) Polygonum bistortotdes and Carex 
spectabilts are dominants. Air temperature 
sensorsv are located jaturo, and +l eomea caste 
upper and middle stations and +10 and +20 ecm at 


the lower station. 
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slight (less than 102); the vegetation occurs in patches 


(total cover 2 to 602%) among the frost-shattered rocks. 
Phioz diffusa, Soltdago-multtradtata,  Stlene parryt.@and the 
lichen Cladina mttts are the most prominent plants in this 
Dever eld aiab tea teat 2oLemo) 

HaArcNereaowns Lopes (il) Com lo=m) =Enewslopesane le 
increases to 274 and the vegetation is essentially continu- 
OuUGae sLOtCalecover slcehigher Oo" tOMLIO”) with® -loreacy ye usa, 
Solttdago multtradtata, Carex phaeocephala, Carex spectabilis, 
and Polygonum btstortotdes dominating the vegetation. 
Cladina mitts, Cetraria ertecetorum, Cladonta gractite, and 
Polytrtchum ptltferum are important cryptogams in the under- 
story. 

Total cover continues to increase downslope reaching a 
maximum of 156 to 2172 at the base of the slope where the 
slope angle is near level. From about 41 m downslope Carex 
spectabtlis, Polygonum btstortotdes, Lupinus Llattfoltus var. 
subalpinus, and Potentilla flabelltfolta become the major 
dominants, while other vascular plants and cryptogams are 
of low prominence. Claytonta lanceolata, although absent 
at the time of the vegetation survey, had a mean cover of 
Z97eandea, frequencysot O02 at the) Dase*ometne slope during 


Berl y ei yr. 


Pati y ers Loy, 


Alpha diversity measurements were applied to slope 
contour samples at 2 m intervals along the environmental 


gradient. Trends of richness (g) and general diversity (7) 
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aremciml var Uhlon 1 O)Reaeiney are relLativebw tow (5 = 14, 


yy 
i 


Veco) mine tiewnemte te ldiand increase to,vamiighs(c.e=) 29% 
f= 12).03))in thesecotonale area between sthestelifield vand 
the continuous vegetation. With increasing distance down- 
slope S and H decline, reaching minimum S$(4) and # (1.02) 
values near the base of the gradient. 

Equitabiity (2) trends are not readily evident (Fig. 
iG). glne lowestae GO.46) voccurs in the fellfield where a 
Single species (Ph¥oxr diffusa) dominates the site. The 
remainder of the gradient has £ values fluctuating between 


0266 and: 0.93. 


Ssodts 

The soils of the environmental gradient vary markedly 
from the poorly developed Entisols in the fellfield to the 
relatively better developed Inceptisols found on the 
Femainger ofthe slope (Fie. 13). Thee felliteid) soils 
show no profile development except for thin, surficial A 
horizons beneath the scattered clumps of vegetation. 
Prot leeo el Llustreces sthe characteristics otethese soils 


under vegetation. 


Horizon Description 
Al QOstosouems black, (lOVYRE2/1) Scravellyueandy 
| loam; structureless single grain; friable; 
abundant very fine to medium roots; very 
strongly acid (pH 4.8); clear, wavy boundary. 
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Figure 16. 
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Relationship between species richness (S), 
general diversity (#7), and equitability (EF) 
along an environmental gradient on Grouse 
Ridge, Mt. Baker, Washington. 
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Horizon Description 
sandy loam; structureless single grain; 
rrbaplre seapundane  veryset ine =Losmed tum -rootss; 
Very strongly acid =(pHa4ey): abrupt, wavy 
boundary. 


R IS to. 25 cm +: “weathered *shale. 


Tie May Orm pOrttouwOor the oradientelcucharacterizedamDy 
Inceptisols beneath continuous vegetation. The horizons, 
except for increased thickness downslope, show only slight 
morphological variation. The profile (20) below is typical 


of soils near the top of the slope. 


HOD. Zon Description 

O1 SL Ome mcm ar esha nenbDaceou cml dite me 

02 2 to 0 cm; partially humified herbaceous 
ive te. 

Al Otro Seems dark *reddishe brow §©5 @YR 92/2) 


sandy loam; structureless, single grain; very 
Prorable-wabundant wVeryrlaneeroote, avery 
Berone ly acids (pled...) ;eenadtialsssmootn 
boundary. 

BZ. Wetoewluecn= very -darkeecrayicn prown (LO syR) 
3/2) sandy loam; weak; *very fine crumb 
structure; friable; abundant very fine to *fine 
roots) very “strongly acid ™CpH"4.9); “gradual, 
smooth boundary. 


PAZ 17 to 28 em: very dark *erayish Ybrown™(10 «YR 
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Description 

372)) sandy loam;* weak, fine crumb structure; 
triable; “plentiful very fine roots; very 
Surorely acid "Cpl 5.0): sabrupt. wavy 
boundary. 
Z20,to 40 "cm; dark yellowish brown (107° YR 374) 
Ssandy®loam; weak, fine” crumb structures: 
Lpiaple.  Vvely lew = VeryeLi nes LOCLS 46 st Gone Ly. 
2C1d" (pH 54.2) s abruct, smoot boundary. 


40 to 45 cm +3; weathered shale. 


Soils reach their greatest depths at the base of the 


Slopes sthe=frolilowing protile™ (4) characterizes the lower 


elope=soits : 


Horizon 
O1 


02 


Al 


BZ2e 


B22 


Description 
SRLOMG Cine mt reshenenbaceous slLtteric 
4 to 0 cm; partially humidified herbaceous 
Lit Gere, 
Oiet OMOuec ilaeD. ac Kan DOM Raney) ome a 1G Varo aime, 
structureless, very friable; abundant, very 
fine =to medium roots; “extremely acid (CpH "3 79); 
gradual, wavy boundary. 
8 to 18 cm; dark reddish brown (5 YR 2/2) 
sandy loam; weak crumb structure; friable; 
abundanty very tine to Line roots; extremely 
acid (pH 4.0); gradual, wavy boundary. 


18 to 50 cm; dark reddish brown (5 YR 2/2) 
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Horizon Description 
sandy loam; weak, very fine crumb structure; 
[Uae a plLeucituls very ec ime. te tine roots: 
Vemves (LEON by vacids (phe 5) 3 ssradual.. smooth 
boundary. 

c SOMtL on / URcme ts dark oyellowis i) browne (0 YR 
3/4) gravelly sandy loam; very fine crumb 
Structune. @iriablerafewaverya fine topline 


TOOLS Savery strongly acide (pH o4 . om 


Physical and chemical properties were determined for 
seven profiles along the environmental gradient (Table 7). 
All properties were comparable to those found in similar 
communities in the western North Cascades. Organic matter, 
total SAY capacity, exchangeable cations, available 
phosphorus and potassium were highest, while pH was lowest, 
at, the base OLtgthe slope Tables ?.)- Sands adel twetoeclay ratios 


are relatively high throughout the gradient. 


Mesoclimate 

The general environmental data for Grouse Ridge were 
presented in a previous section (Table 5). A more detailed 
account-of the mesoclimate appears in Fig. 17. Patterns of 
temperature, VPDy solar nadiation, and precipitation 
fluctuate markedly, both during -and between summers, in this 


maritime type alpine region. 
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Figure viv 


Seasonal variation in temperature, VPD, solar 
radiation, and precipitationmatythe Grouceshauge 
weathem station sdurine. 197011971 ands owe 
Vertical linesmad jacent (to (‘the precio tarion 
bars represent the period over which the 


precipitation reading was accumulated. 
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Microclimate 

Covebtainwintormation on the microciimate of the 
eCavironmental gradient air temperatures (+5 and +15 cm at 4, 
19, and 36 m downslope and +10 and +20 cm at 61 m downslope), 
soil profile temperatures (-2 and -10 cm on both vegetated 
and non-vegetated sites at 4 m downslope and -10, -20, and 
=SUecieat Lo. S6,,4andsolam=downs lope). and) soll moisture 
regimes (-5 cm on both vegetated and non-vegetated sites at 
4m Hee on ey, =O tand 20 %cem 2t7198and 36 m downslope, and 
-10 and -30 cm at 61m downslope) were monitored along the 
transect.  <Lhese) stations were located=at 4,719, 36,. and 
61 m downslope. 

seasonal temperature profiles along the transect vary 
considerably from the top of the ridge to the base of the 
slope although all stations have the same increasing 
SeasOmdeepa lle rine (ies oar o wand) eo ) ee el el dara Lie Pomea id 
Miect je tempenaturesmeate Cher top of sathestransect,.in contract 
to those on the remainder of the slope, were usually lower 
than temperatures at subsurface depths. Highs of near 35°C 
were, reached several times during 19/1 and 1972 at —2 cm. 
These high subsurface temperatures are due mainly to a high- 
er surface albedo and the low heat capacity of the moisture- 
poor substratum. Maximum near-surface temperatures of 49°C 
have been reported in other high elevation studies in 
western North America (Bamberg and Major, 1968; Ballard, 
1972). Temperatures beneath vegetation were generally 2 


Pomchipher thatetoleau; acentimuon-=Vegetlated Sit ce. Average 


; ~ 
sh 
’ 
’ . _ 
26 éguertd rer 
an 
: a en i 
: feats, Cit. bab Ch 2 pane the rqattaxy Cages 
4 - 
Aa 
lat fh wo 14 3h wo OFF fete Ge han sqaofenwe! i a 
| ; 4 | ; rt To § - che e~) > ya 3c & 
f .,02~ ie bas #ocieeavo’ mY 30. e372 bes peice be 
: 7 
vas 9 ra + io) OF I oh py Lj ee. © -ot 
r $4 nda tart riatopov id coces 
bat a 2. -f2 _ ri a | ‘6 ff OL pak CI «Ss 
’ i ; be ep 9 | aa a a ri leanWwWot in j 4 Is D> 0L£- ban Ole 
try } a | i I wesS@gi 7 w- ara bhd > eget 
e 
~ ag \iaev 
) 
f ‘ 64 } ’ | jwusetsqaws ares 
5 j , iy Fe ee 7 A vs 
ri Lie as ong 98 ratse Llu dgugtsiocs 
ada 
ban 20 + Stsgist. .€@bh bag) SL .egl?) seeeeae eeecses 
A a ; 3 a. 709 hay DE eTULEs 
ry I yy Baw 9 ‘ Sid lo 39oarnbheaue 
p*¢s r) fsach 36 7T0RS¢ 26 8 
7 Ci. i? eS To if PA el. 7“ i f “0 s 
Pan ties) oe aA nie L yani 7 at 6G 9 


—antd @€ pdr inint gvb, 476 siaeenuae sap izon corr ( osodt 
—s20a8ien of¢ 10 yoaherh es Yas: “et as sibed btasuxal 2 


7 = 7 “ 
Pa had Rin so 2 oy viet oo peas o 1 eh w meee eden 
' 7 ; : 7 
a . ; 


‘ 


~~ "ge vaet cache paptate ate 
- 


Hpac ae ies 


tivw=sne or 
= 


va 


28007 


é egbin 


oe | 


beeseh “at 


hovvot rh, 
al 
as S2udRt104 993 thal 4 


- u 


a3" 2 


_ gor: m2 aged bind 


- bielitios 
an 


* 
=fmoo 
= 


~ Ant " 
a 


rE LL 


r mo bon gf im 


: ,eor7 he ¥ 
7 ad 


ors MCE i 


Jaaitatyot 
. y 


-— 


rye antats 
mizamayTIyt £2 


_—~eron ie San 


ar é 
PE id94 7 


i 


J ae7u 819998). #1 


a —— 
i e 
“a, * 


bats 3 fie. 


A ——a 


~ . - — - 
. el 
a * , Ai 
— : a = 
P : . ty, = 
— ) . aS — 
ah ; yee , 
‘ x, » ~ Ms — 
*, ‘ ” VJ ’ 
™“ a g 
~ 1./ 
“a “ee Al 
on 


—— 
sqoitsatysay Lagezaee .81 ssusgit 
QWNStorT \ 7 ; 
4 
foe Seti? ¥ 
: : in 
‘ , « . . 
win) hee iP, « ee 
ie OT, w 
a 
’?7 - us a 
4. Ie Teh — a 


‘ ~ ye ~~+— nd ——_ 
ia ros a we 
—, iT 
in oe slijarye 
uM : >. 

* : — 
afte GOEL bee ; : 
% ij a in a 

> - 
{occ MiG 0) 7, ) id 
.. iy ¥ 
NT —- 
i ae ne 7 
(ia Pre + 7 
—_ aa ee — 7) 


——— 


— 


eo ——_ a a 


4 7 ad ———_ , 
: wens 

s 7 

1 SS . 


a ae 
oh 


a hdet 
“ily 


Figure 18. 


Seasonal variations in soil and air temperature 
profiles at various heights (cm)¥and deprismtcm) 
along an environmental gradient on Grouse Ridge, 
Mt. o Baker, Washimetonidurings 19 jie el peecocted 
line represents the daily maximum air temperature 
at an adjacent weather station. Temperature 
profile data are for readings taken between 1300 
and L500 hrs Soll temperatures =inethresteveLiela 
(4 m downslope) were monitored on both non- 


vegetated (NV) and vegetated (V) sites. 
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Figure 19. 


Seasonal variations 10 s0dl animate em perature 
profiles at various heights (cm) and depths (cm) 
along an environmental gradient on Grouse Ridge, 
Mt. Baker, Washington during 1972. Thelsdotted 
line represents the daily maximum air temper- 
ature at an adjacent weather station. Temper- 
ature profile data are for readings taken between 
1300 and 1500 hr. Soil temperatures in the 
fellfield (4 m downslope) were monitored on both 


non-vegetated (NV) and vegetated (V) sites. 
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LOZ 
temperatures at -10 cm in the fellfield are about 7 to 8°C 
lessmunan. thet sat 2. cm. 

Subsurface temperatures along the remainder of the 
transect show sharp vertical gradients over relatively 
short distances. The steepest gradients are between the 
surface and -10 cm level. These profile temperature 
gradients remain relatively constant throughout the summer 
excep .dutings periodsmot rapidly edecreasing air —Lemperatures, 
bemperatures vat 7-00 toe-30 em decreage sitaghtly (2 >t0-42C) 
with distance downslope. This reflects the insulation 
afforded by the greater degree of vegetative cover. 

soil moisture along the environmental gradient closely 
parallels the summer precipitation pattern. This was 
especially evident in 1970 (Fig. 20) when frequency of 
summer rainfall was high (Fig. 17) and soil moisture 
recimes, tluctuatedvaccordingly. | Sodlwmoistune, declined 
steadily throughout the summers of 1971 and 1972 due to low 
precipitation. »The increase in soil moisture immediately 
BtCeumLoe b.OMmCNMOTeNDrecCi PputlalLOnmauniogmtnemlatten= par tao. 
WiLyelo 2 Chi gees /)eeromno barettectedainarie w) 20s dues to 
readine dates, — luewuse of the) —15 )bDaresoll) waters potentiat 
to estimate the permanent wilting percentage is somewhat 
questionable sGs lbatyer moO /jawespeclalivesincemit tea based 
CUeInfOrmation, Grom ecroOpepLants.| slhiis stiside solid sparameter 
{fs still useful, however, when used with caution. Soil 
moisture usually remains well above -15 bars until mid- 


Ausuet, except in the fellfield where levels often fall 
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Figure 20. 


Soil moisture regimes along an environmental 
gradient on Grouse Ridge, Mt. Baker, Washington 
ducingesl oO 7ieet9 jl eeond 61.9 72 wee D> sean: emma 
downslope and depth (cm) appear on each graph. 
The Sieeard —l5ebar tensions tometnen scot usane 


indicated by the horizontal dashed lines. 
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below -15 bars;by mid-July. Soil moisture stress increases 
slightly, with distance, down the continuously vegetated 
POrLionwolr theptransect during drought periods. this sis 
likely due to the greater transpiration losses associated 
with increased plant cover (or increased total leaf area) 


downslope. 


Physiology 


Leaf water potentials (WwW) of eight plant species along 
the environmental gradient, and two other nearby species, 
were measured during and after a drought period in 1971 
(Table.8). |The readings for, ecachj speciessat each site were 
relatively consistent with standard deviations varying 
between 0.3 and-1.5 bars. The first measurements were taken 
on July 20 after a one-week period without precipitation. 
Thess Wowest leat wv i(-13.8 to —-15.0 bars) were obtained 20 m 
downslope, an aréa that had “been snow-free for 4 to 5 weeks. 
Readings in the fellfield and at 40 to 43 m downslope were 
abpsomreuatively low (-l1l.8 to 13.8 bars). Higher leatoyp 
Of oe 0 eto =5.1l were recorded sat ithembagerotsthe slope. san 
area that had been snow-free for only three weeks. 

Measurements taken 24 days later showed only slightly 
lower leaf Ww although soil W had markedly decreased (Fig. 
20). The lowest leaf ~ for most species was recorded at 
tiga time. ~luoinus Blatt foliuss Vat 2am *downsiope) wand 
Phyllodoce empetrtformis (adjacent to the transect at about 
25 m downslope) reached lows of ~27.4 and -22.1 bars, 


respectively. The Lupinus plants were wilted at this time 
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and died back several days later. The Phyllodoce empetrt- 
formts See appeared*normal. Other species reached ‘lows 
Ofen)2¢4 ato -17.9 bars*s,. Atithisetime soil tiwas about t=14 
bars at 19 m downslope and -14 to -17 bars at 36 m down- 
slope. Similar lows have been reported from the Olympic 
Mountains by IhunamnotoRand ab liss 0970) and @beterson GIO 71)% 
Awthird %settom readings mwastobtained fon WAwcustes0; 
sevenidays abtienga tlightevain’ (22: cm)... Most@plants were 
dispersing eseeds ‘at «this time. Leaf WW, except for Vaecctntum 
eaespitoeums esere sibichtlyehigher sion tspecias “ear *the "top 
of ethers lope sr ithe Qlowestitleat defor speci esi¥at tthe tbase’ of 
the slope were eee at thisttimestiihbese leat) were ystill 
much higher than those attained by the same species upslope. 
Readings showed high diurnal amplitudes with species increas- 
ine |b yatasyemu chivas) LOsni/ibaxs tai 240 0Rhmitironmitheinm afternoon 
lLowsthe Lhenetore.aythejipliants tcomkd\itim s6acu,9 spend parteot 
titesidavacati asthowerleatiyarand isthe bettphotosyuth etica lily 
actives ini tthe) morndm per. es Kunanotos andi itsicin( 197 0). working 
dineet WesiOa yorpi-c) Mountain's ,auWach ington etcounds*thate atertaetsoil 
Wi ofe 15. bare,f Festuca, Lupinus, cand krveophyvtum spe 'still 
maintain a photosynthetic rate approximately 40% that at 
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Phenology 
Plant phenology can often ber helpiuleinedescribing 


microenvironmental differences between various habitats 
(Bliss, 1962) as well as long environmental gradients. 
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Obeerved at L0smeintervals alone the transect. 

Phenological phases varied considerably among species 
alone the gradients (Vio m2) Lengthvof as eiven phenologic- 
al phase was relatively consistent within species, regard- 
less of the year or position on the slope. 

Snow release took place at about the same time in both 
Lovie eo 2 eet NemuUpperepALts OL ethes slopemwasrtreesor sono w 
by June 18 and.at the base by June 28. The much higher 
temperatures inwlates June andvearly = iulyeduring 19/255 how- 
ever, resulted in more vigorous vegetative growth and an 
earlier flowering for most species. This was especially 
Notablewin the upper part, of theregredient. mlo7lenesparnye. 
incre stelliield wand foLrentt lias lapel l1  Olia. atetiespasce 
of the transect, were exceptions to this pattern. 

At any given point on the environmental gradient most 
of the species have similar flowering phases, an indication 
that local microenvironments govern phenological development 
(Bliss, 1950) <a lhemmost) notable exceptions tomthis were 
the late development of Aster foltaceous and the early 
development of Claytonta lanceolata. In general most 
species flowered 14 to 24 days after initiation of growth. 
They remained in’flower for 8 to 20 days before) entering 
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Figure. 1.5 


Phenological patterns of 12 plant species on 
Grouse Ridge, Mt. Bakers Wasting tonedurine sl oy 
(upper bar)mand@lo/2. (lower bay ee Dic tance cm on) 
downslope appears on the ordinate axis; month 
and day are on the abscissa. 

Symbols are: v -—- vegetative growth, solid bar 
in flower, £°— sin etruit, 9s) — seed sdispersa lex 
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DISCUSSION 


Community Pattern 


Distribution ofsalpine plant. “conmunities “in the North 
Cascades is a response to complex environmental factors and 
environmental gradients. When environmental gradients are 
steep, abrupt changes in, species composition occur, creating 
a mosaic of plant communities on the landscape. If these 
gradients are gentle then more gradual changes create a 
continuum. In the North Cascades the mosiac pattern is 
more common, especially in the western and central’ portions 
of the range. This .is due to the more complex topography 
and greater snowfall which results in variable snow release 
times and a broad range of summer soil moisture regimes. 
These environmental factors are also of prime importance 
in the eastern North Cascades, DUC COsaeteSSeT mex Lens am en 
the eastern North Cascades the more gentle topography, lower 
snowfall, and shorter range of snow release times result in 
a more gradual shift in community pattern. 

The importance of snowmelt time is demonstrated by the 
two-dimensional Sed Tas tend (Fig. 3) of the major community 
types. These ordinations illustrate the relationships 
between the community types and their correlation with snow- 
melt time. The date of snowmelt also determines the summer 
soil moisture regime, at least for the earlier, and probably 
the most important part of the growing season. 


In the western North Cascades a distinct mosaic appears 
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repeatedly on the landscape. Snow depth and snowmelt time 
varies considerably. In snowbank sites communities are 
dominated by Carex ntgrtcans unless the soils are unstable, 
in which case the Saxtfraga tolmtet-Luzula wahlenbergit 
Gommunity occurs. 

On better drained habitats where snowmelt is earlier, 
the heath communities, dominated by either Casstope mertens- 
tana, Phyllodoce empetrtformtis, P. glanduliflora, Areto- 
staphylos uva-urst, or Empetrum nigrum, are common. The 
latter is most: frequently found on exposed or northerly 
aspects. Exposed sites with slightly earlier snowmelt 
times are dominated by Saltx cascadensts or S. rettculata. 

Communities on warm, moist southerly slopes are 
dominated by the Siete Dehra eae type. alhe closely 
GBelatedsCares spec rapt Lesmecommunity .occurs on esimilary obur 
slightly drier slopes. Where the earliest snowmelt occurs 
the sites become relatively dry by mid-summer and are 
dominated by Carex phaeocephala. 

On ridgetops, which remain snow-free most of the winter, 
blockfields are typical. These sites may be occupied by a 
Varictvectmepecics. mcithersinaclumps,ewheres the ssurbacesis 
stable, or in vegetation stripes where slow downslope creep 
takes place. Prominent plants in these habitats are Phlox 
diffusa, Potentilla diverstfoltia var. diversifolta, Solidago 
mucttradtata, Oxytropis campestris var. gracilis, and Carex 
albontgra. 


Changes in macroclimate in an easterly direction 
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result in gradual changes in the vegetation pattern. Lower 
snow accumulation, slightly earlier snowmelt, and somewhat 
drier and warmer summers in the central North Cascades 
result in the absence of some communities and the appearance 
of others. Late melting snowbanks are still occupied by 
Carex nitgrtcans but snow accumulation sites that become 
snow-free earlier are dominated by Antennarta lanata or 
Carex brewert. Antennarta lanata communities often occur in 
close proximity to the Carex nigrtcans. type, but the former 
are better drained and become drier in late summer. This 
segregation of communities within an alpine snowbank site 
was also noted in the Presidential Range of New Hampshire 
(Bia 55501963) sethesRocky Mountains (Biliines and Bliss, 

9 Jee JoOunsonmandmha) vines. 11962)eand the Olympic Mountains 
Oberaacnangstongs (bliss. 1969) ovinesunstable snoweaccumulation 
areas in the central North Cascades the Ertogonum pyrolae- 

foltum-Luszula wahlenbergtt community replaces the Saxtfraga 
tolmtet-Luzula wahlenbergtt community. 

The same heath communities found to the west again 
occupy similar habitats in the central region. Communities 
dominated by Salix cascadensts or S. rettculata also occupy 
drier exposed slopes. The driest of these exposed slopes, 
andusome ofethesrnidgetops, ane) characterized by extensive 
mats of Dryas octopétala. 

Warm, moist southerly slopes are again occupied by 
Lupinus Latifoltus but the closely related Carex spectabilis 


community is apparently replaced on drier central region 


Ww 


she Erle Ae FIR ue ae - ‘esse outa 
9! ara oan ah (7igeta prensa cof sro 


a] 
U 
4 
@ ) 4 
ba) 
¢ 
rita 
Li 
ii 
i 1 
ne 
. ‘ 
" 
832 J00 
‘ mai 
| = mo A 
“eV G0 


xe burgita Pane 2 1° ini 


<ait «f or Se ree ol esemeun. roman ne 


ee | ATi tosdwvcos ants lea »rad 


7@ oldbsaee ht UCGORT ented nengalaany ay 


S47 of bebo? -veDDigueecs cael sau a am 


: ae han mere 


' \ ye T 7 
 - oo 
< 


i To 
oF 
it bauoe Ss een Te ganda oft 


cols ot eS 9S wots iid ame begin noMts 4 
> ie r : 

e rd BAP eelnOh OFE 9 stivas ne 

: : 


ma Sty. +) ¥ 1 a i at by s § noua ws 


a 


fi npr 7 UE SEI. ee ae etm ong seats 


sHogod baa bagkars pd oe 


cpork wé gitety ar8dlacedes 36 er 2608 


> 7 -. a 
maAn i523 9s7 ; oe? fz weer 


i? LVR) aerssanvant veowk ote c a te) 


ano. wae . Ot oe] as ; A bas « iG ae 


levied vita wk teste 
- . ol 


ws 7 
va r $} ait oo 2 d ; a The) pil >@ ; , c i otinauke " eho 2 
Par 
Viinuentes 34 gradive! dqu ott spi sims 5o3 


had 


joteass Letaps> 243 Ai weeehtnd setame eqns : 


‘ . a 4 @ 7 
a we ‘act Eh eo Se Reon eh. * rint xd baanke boar 


egxe saced 4 ar {a abal agfT heii, joe rat 


6 
7 
wo 


bie ce 
ye 44 iia bawe-senite 308. vaqnreghiy 262 Yo nmoe 


; \ i — - - a. 
7 Ty cwinte oy 20 en 4 a Xe 
i. , oe 


xed ion tatom , wa 

a oowee | 

a2 due suf. | 
os 0 . 7 » 


7 7 


= 


-*. hy = - ; ar 7 - 
Te Pth. fe 3 as Laure +: 


sites by Festuca viridula. Carex phaeocephala again 
dominates sites that are snowfree earlier, but on the most 
exposed upper slopes Carex nardina becomes the most prominent 
species. 

The blockfields in this region are also extremely 
variable in plant) and) rock cover, and species composition. 
Important plants are Selaginella densa, Phlox diffusa, Carex 
puaeccepnala,sand! Arenaria caprliaqrts, andi tarther south, 
Phlox hendersonti and LUDTRUG BLCDLAUSE VaALneeLODD? Us 

The dry, warm summers and lower winter snowfall in the 
eastern North Cascades provide community patterns that are 
in marked contrast to those in the western North Cascades. 
Although moxaic patterns are still common, many extensive 
slopes show gradual changes in species eanposint on in 
response to more gentle environmental gradients. 

Numerous snowbank communities occur in this region. 
Carex nigricans is essentially restricted to the subalpine 
zone with Antennarta lanata or Carex brewert dominating the 
alpine sites where snow accumulation is greatest. Snowbed 
sites that open slightly earlier are occupied by Phyllodoce 
empetrtformts, P. glandulflora, or Saltx ecascadensts. At 
higher elevations level areas or depressions, which receive 
moisture for much of the summer from upslope, are dominated 
by Carex, capttata. 

On well drained habitats where snowmelt is earlier, 
communities may be dominated by Carex phaeocephala, Arecto- 


staphylos uva-urst, Salix cascadensis, S. rettculata, or 
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Dryas octopetala, with the latter two occupying the driest 
sites. At lower elevations in the alpine and subalpine 
zones of the eastern region, where soil moisture levels are 
greater, broad expanses are dominated by Danthonta tinter- 
medta. Upslope, this community often grades into the Carex 
setrpotdea var. pseudosctrpotdea type, another extensive 
community. 

The driest of the major alpine communities occur on the 
higher slopes and summits. These are dominated by Carex 
nardina, Calamagrostts purpurascens, or Kobresta myosurotdes. 
The topographical position of the Kobresta myosurotdes 
community suggests that these sites are essentially free of 
Snowewilth ephemeral microdrifts occurring jJdurine the winter, 
Sucheoasebell (19/3 reports stonithieetypemin stnemkocky. 
Mountains of Colorado. The Calamagrostts purpurascens 
stands often occur in rocky sites within larger Kobresta 
communities. These rocky sites may provide slightly better 
protection during stheswinter. 

The blockfields, which occupy the driest, snowfree 
ridgetops, vary considerably in composition. Lupinus 
Lepidus var. lobbitt, Arenarta obtustloba, and Festuca ovina 
Valteeorevrj;Ol¢va are prominent species. 

The overstory composition of krummholz stands changes 
markedly across the North Cascades. In the western part of 
the range Abies Lastocarpa predominates. The latter species, 
along with Picea engelmannit and Larix lyallit, is common 


in the central North Cascades. Farther east Picea engelmantt 
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and Pinus albitcaulis dominate the krummholz stands. 

Regional separation on the basis of understory composition 
is inconsistent due to considerable variation in composition 
and the distribution of several important species across 


theventiresranece  Ghab bees es 


Community-soil relationships 


Jenny (1941) related that anyesoil propertysisaa 
function of the regional climate, parent materials, topo- 
eraphy,ebtotas wand Lime. sl lemveretationmol saereclton stamalso 
amcunctLOnNsOLmMLNeCSee LbaGtore 8(May 0.61951) -meeloetner No Gel 
Cascades all of these factors, with the exception of the 
parentematerials. vary considerably. [hiss relatively sunitornm 
parent material is due, in large part, to the extensive 
pyroclastic deposits present in the region. These deposits, 
mixed with the residuum of the various geologic strata, 
modify the residuum to such an extent that they have no 
detectable influence on the regional alpine vegetation and 
SotUepatverus .  Lhiseis ingcontrasttogmenysreelonsawherne 
ULtramagic«(Kruckeberg, 51954, 01969 oWhittaker,, 1954) ): 
sandstone-dolomite (Mooney et al., 1962), or calcareous 
(Bamberg and Major, 1968) parent materials have marked 
effects on vegetation and soil patterns. 

The pattern of alpine soilytypesgin the NorthgGascades 
generally corresponds to the vegetation pattern. Beneath 
ee ee and heath vegetation cheluviation is a common 
process. This process is most intense in the western North 


Cascades where leached A2 horizons and iron-rich B horizons 
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anejety pica Wor podosols thavie ibeen ssithidi ed tin’ détail dn ithe 
North Cascades (van Ryswyk, 1969; Bockheim, 1972) and have 
been reported from a number of other alpine areas (Bliss and 
Woodwe llr sub9 65); jkKurmamoto eandiBl iss, e970; sandsiothers))i. 

Inceptisols are typical of many of the community types 
inmitthe North (Cascades stespectiially pinethe castenn sypart sofsthe 
bance. sf ihe most ro eabblie differences within the Inceptisols 
ave the chemicalivcharact eni stuicsiqiwhi chievanyyemanive diliy siirom 
West CO seasit.. The western soils usually have higher organic 
tater wacatLonvexchanzgesgcapacity weandiimnutriven & glevelis,isand 
are) mone gacidic:: 

Sites that are unstable and sparsely vegetated are 
characterized by Entisols. These soils usually have only 
shallow A-C profiles beneath vegetation and have low organic 


Naetrex:, tcattwomrexchangsescapacity, Gandenuwterient @levels: 


Alpines plantadiversityapatterns 


The response of various components of species diversity 
iemdependentweonebiotal ew historica lewandsepnysicalsractors. 
In the alpine zone of the North Cascades these components 
CiSs, H, and £) show corresponding responses at both a 
regional and local (environmental gradient) level (Figs. 12 
and 16). Community types ar vegetative units with a "mild" 
environment have low S, H, and EF values. These indices 
increase with environmental "harshness" to a point where 
physical factors inhibit plant establishment, and 5S and H 


again decline. 


These data support the hypothesis of del Moral (1972) 
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regarding species diversity regulation within terrestrial 
plant? communities #PePhiscehypothesis states that diversity 
reaches a maximum at that degree of environmental rigor 
which prevents a closed canopy but still permits considerable 
Speciatizatrone walLuUSminwthie  mildestUsGra harshes ts. 
habitats, which are rendered homogeneous by their physical 
or biotic factors, fewer species can be sustained. 

in’ the alpine zone, of, the North Cascades the mildest 
laba-tatis),@ with date snowmelt, adequate summer soil moisture, 
high leaf ~, and low degree of exposure, are homogeneous 
and dominated by a few species (average of 14 to 26 species 
Dorescand)mwexhipitinganiehecrowns cover uA si enitficant 
control over the composition and structure of the community 
is exerted either by the plants themselves (through 
competition) or by the exclusion of potential competitors 
due to the short growing season. As the alpine environment 
becomes more rigorous (t.e., higher moisture stress and 
lower leaf W), dominance by any single species declines and 
allows considerable habitat heterogeneity. This allows a 
multitude of plants (average of 28 to 44 species per stand) 
tomtcake, advantage onthe resultingesmicronabitats mesnabitat 
homogeneity (average of 8 to 15 species per stand) is once 
again reached as physical harshness renders the habitat 
relatively inhospitable. 

Recent studies indicate similar diversity responses to 
Cangpyvestructures (Cotta nde. ed Cr mel Ob mrAUG. a1 teean Gm GO ti. 


iO jiemlouclaseindeba lard wel Oggl; moc ImeMOL a1. .661 9/2, Ovo). 
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That Dsqsvahtervany initials increase, Mdiversity declines with 


canopy closure or community stability. 


Response of species to an environmental gradient 


The environmental gradient on Grouse Ridge provided 
an opportunity to examine the response of various species 
to (gradual (changes: in microenvironment alone an alpine 
slope. Plant community data collected along the transect 
also indicate a gradual, but notable, change in structure 
and ycomposition.. The fellirield tertcharacterized byesparse 
Srumpsm oO. vegetation (totalmaverapescover, of 212). Lew 
species (average of 20 species) and low general diversity 
(average H of 2.31). Near its edge, in the ecotonal area 


between discontinuous and continuous vegetation, species 


richness and general diversity reach a maximum (S = 29, H = 
yo emelOtal, plantecovers increases, COm2h/ 2 sWhistesspecies 
richness and general diversity decrease (5S = 4, H = 02) 


downslope. 

Soil temperature and soil moisture measurements 
monitoredetor two years indicated that high soil temperature 
and low soil moisture regimes are typical of the ridgetop 
fellfield while lower temperatures and higher moisture 
levels occur downslope. Soil temperature decreases slightly, 
while soil moisture stress increases, with distance down the 
vegetated portion of the slope during drought periods. The 
pattern of these environmental parameters is likely due to 
the increased vegetative cover and greater evapotranspir- 


ation rates at the base of the slope. 
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Measurements of leaf W also indicate varying responses 
to slope environmental gradients. Leaf W generally increases 
with distance downslope. Measurements obtained on the upper 
slope (at 21m) were generally between about -14 and -18 
bDawGsiecncepts imsthetease of sl upanueeabariso lis! witha low of 
—Jieet eDarsia welnewp. ants yar vromiwhdtchhthemlatter evalites: were 
obitalined..idied (bacikiwithin iseveraiedays mi ndticatdne ttha tela. 
lbatryoltiusaprobably cannotstolerate leaf a) ymuchalower tthan 
that attained in Polygonum bistortotdes (-15 to -18 bars). 
Dhethighest sleaf ww. G-5.2 sto’ -9.224%bans)i were measurediiatethe 
base of the slope. These higher values indicate that the 
bulk of the water requirements of the plants are being 
sufficiently met from near the -30 cm level where soil 
MOLStucewsthess meus aseldomaetit ever spor ut ticd eaGk toc Oss 

The leaf wp es may explain the distribution pattern 
and relative abundance of Lupinus latztfoltus, Polygonum 
bestorrotdes ,eand (Carem spectabt lis salong ethe ijcradient A apAt 
the base of the slope, where leaf ~ was never critically 
low (Table 8), Lupinus lattfoltus, Polygonum bistortotdes, 
and Carex spectabtlis reach their lushest and most 
Vigorous growth,; excluding almost tiallvother plants. 
Farther upslope, where leaf become lower, these three 
pitents sar eves til Peablegt oenow webut awit hereducedmyd gor 
Habitat heterdgenecity thus tincreases (resulting sin increas— 
ing species richness and general diversity. 

The splantcuoccumningegtn thet ¢lliieldwanemadapted sto 


an entirely different set of environmental factors than 
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eda 
those downslope. Polygonum bistortoides and Carex 
Spectaptits occur only near the edge of the telltield in 
Payee (Ll to 29m-) clumps. These’ clumps are’ probably not 
snow-free during the winter, thus these plants do not have 
to endure the high winds, low temperatures, and frequent 
trestscyclesmcommon tothe rest of theste ll tield. = theste ll — 
Field species (Lupinus leptdus, Saxifraga bronchtialis, and 
Penstemon davtdsonit var. menziesit) are also adapted to 
adverse summer pond ae onse Soil temperatures and soil 
moisture stress are high and possibly might exclude other 
plants even though they may be able to endure winter 
conditions. 

Observations showed that phenological phases are close- 
ly related to time of snowmelt and early season temperature 
regimes. The ability of Claytonta Lanceolata to flower 
within several days after snowmelt and complete its life 
cycle just before the vegetative canopy closes, at the base 
Ome ness Lope, ears awe in large part to its ability to 
initiate growth beneath the snow during fall or winter. 
Dougiaceand: laylor (19/2)... alsosworkineg on Grouse eRidge, 
found C. lanceolata relatively well developed and in bud 
under 2m of snow. Kimball et al. (1972) found new apical 
growth in early fall in Rocky Mountain populations of C. 
lanceolata. Other workers have also noted the ability of 
this and other alpine species to initiate growth at near 
freezing temperatures beneath snow (Billings and Bliss, 


1959; Mooney and Billings, 1961; Halleck and Wiens, 1966; 
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Spomer and Salisbury, 1968). The fellfield species also 
show early phenological development enabling them to 
complete much of their seasonal growth before conditions 


become unfavorable. 


DIL Gere sl Wie iwSiel Cie major apt ne community types in western 


Nonpth) America 

The numerous tloristic works dealing withevarious 
regions of North America document the geographic range of 
most alpine vascular plant taxa adequately. An exception 
to this has been our knowledge of ihe North Cascadian flora. 
hecent icotlections haves resudted vin sienificantly new range 
extensions for 20 alpine species in western North America 
Mougiacwandelaylous919/0sDouglaswctmd) «soy ome layl orwer 
Qe elo 3) ep lnemtotal: knownevascu barat onra stor sthe al pase 
ZOUVe wot Ene NO fr En Creede: consists of 250 species of which 
165 occurred within the sampled stands. 

This alpine flora appears to be much richer than that 
reported in alpine areas of Montana where Bamberg and Major 
GLI 63) report 120 peer species from three regions and 
Jounsonmand Ballincsm (LIOZ) = reportml Oo letromeathesheartooen 
Plateau. Johnson (1970) recorded 129 species farther south 
inthe msan es JUuanstOountadins, Of sCOLOTadGO = lies richermNor th 
Cascadian alpine tlorasmay be due, =ingpart.. towthe ereater 
climatic diversity in the region and to the close proximity 
of these mountains to other ranges, both east and west as 


well as north and. south. 


The alpine flora of the North Cascades has floristic 
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Jeti nttesawithumany regions.) T[hesstrontest attinities 
areswithethesarcticwand=cordi |leran regions to the north 
and east. A smaller segment of the flora is restricted to 
thesracificy Coast, rangine, trom) British: Columbia» to norren— 
ern California. The Cascadian endemic element that ranges 
into the North Cascades consists of only a few species. 

In contrast to our knowledge of plant ranges, 

TD Loriat LOmeOnetnemabundancelot (agtard sitedapaL tt icwL ar 
resLoneuewconsplCuGgusiy spoor sek number of papers, 

although describing the general vegetation of various 
rezione, usually fail) toedocument the relativesabundance of 
the taxa thus making it difficult to recognize vegetation 
types for comparative purposes. The following discussion 
is based on the few studies that do allow comparisons with 
the North Cascadian communities. Future work will surely 
increase the geographic ranges of the communities presented 
here. 

The ranges of the alpine plants communities@are not 
necessarily restricted to the alpine zone. A number of 
them have subalpine-alpine distributions both in the North 
Cascades (Table 9) and elsewhere. Table 9 lends support for 
fhemainclusion of Krummholz within the ai pine zone, at least 
in the North Cascades, since more of the communities and a 
larger segment of the flora associated with krummholz occur 
in the alpine ee above. 

A number of community types may be restricted to the 


North Cascades. These include the Calamagrosttis purpurascens, 
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TABLE 9. Numbers of alpine plant communities associated 
with the three vegetation belts or bands at 


upper elevations in the North Cascades Range. 


Region 
Western Central Eastern Entire 
Vegetation belts North North North North 
or bands Cascades Cascades Cascades Cascades 
Alpine tundra | 0 2 6 6 
Alpine tundra- 
krummholz 5 6 5 6 
Alpine tundra- 
krummholz—-tree 
clump/meadow 6 if 4 10 
Krummholz-tree 
clump/meadow il 1 0 ut 


Total ded. 16 1k) 23 
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Ertogonum pyrolaefoltum-Luaula wahlenbergit, Danthonta 
tntermedta, Carex brewert, and C. CapTtatatty pes: 

Of the snowbed communities the Carex nigricans type 
appeanseto besthegmost qwidespread Sailltwocecurs win sboth sthe 
subalpine and alpine zones in the Cascades of Oregon (Van 
Veehven,, 1960) tandgcentnal sWashinetonm@eredd th sel 97-2); 9ethe 
Olympic Mountains of Washington (Bliss, 1969; Kuramoto and 
Bultss, LIPO), southern British Columbia (Archer. §1963.- 
BrOOKGBeCL YG .. 281970; Bhady, 01.9741,))4ano mth ato esouchennes Lada 
(Cooper; 71942)\, eand eGastetascthes«Canadian eRockdtes | (Reder; 

BO GAs eh rap ko ¥ 1970). The Antennarta ltanata community, 

which also occurs im the subalpine zone of the eastern 
Gascades; sis sfoundéin therOlympics eGR iss 2eL9 69) Candethe 
Canadianwmrockies £@bBederhelo6/is Hnapka pch9i/.0) Jenthe 
Ertogonum pyrolaefoltum-Luzula wahlenbergtt community may be 
restricted to the North Cascades although similar, but 
drier, communities dominated by FErtogonum pyrolaefoltum (but 
lacking Lugula) have been reported from Oregon (Van Vechten, 
1960). The Saxifraga tolmtet-Luaula wahlenbergti type 
occurs jonly jin (the subalpinegand alpine zones jof —the woxnth 
Cascades and the nearby Coast Range of British Columbia 
(McAvoy, 1931; Brooke et al.; 1970). 

Lush herb communities dominated by Festuca viridula 
and Lupinus latifolius are found in the subalpine and alpine 
zones in, and south of, the North Cascades. Festuca 
virtdula-Lupinus latifoltus (Franklin and Dyrness, 1969; 


Franklin et al., 1971) and Lupinus lattfoltus (Meredith, 
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1972) types have been reported on Mount Rainier, Washington. 
These types have also been documented in the Three Sisters 
(Van Vechten, 1960) and Mt. Jefferson (Swedberg, 1961) areas 
in Oregon. Farther east, in the Wallow Mountains, Strickler 
(1961) has studied communities dominated by Festuca 
vtridula. A similar Festuca (F. tdahoensts) type occurs in 
the subalpine zone of the Olympic Mountains (Kuramoto and 
Bisse a2l.9 709). 

several of the North Cascadian: shrub types, have wide 
eeographiice ranves Sav rycs Octopetadvajes cGincumpolam species, 
OCiCitsiase aA major dominantenorths toy Alaskagand thempyukon 
GHansteneg | 951ee Prices 19/1). =~ asith 0 the Rocky Mountains of 
Albentas(pederiy 1967/3) Buyant, and, :Saheinbero,. 197.0 ss Hnapko, 
1970) and south.in the Rockies to Colorado (Johnson and 
Biliings,ei962:.Holoways and, Ward, SLI 65a Mann LOO J/ee beambers 
and Major, 1968). The several heath types are also widely 
distributed, in, both) the, subalpine and, alpine. zones... They 
occur in the Olympics (Kuramoto and Bliss, 1970), the Cas- 
cades of Oregon (Van Vechten, 1960) and central Washington 
Ghrank eines ais 8b lec Menedactn, eL0v2)) Seinontheto northern 
BritishiGolumbta (McAvoy, L93 lise Archer, (96358 Brooke et ai, 
189i7,0 taaka dv 29 7ilese Welisheande RiGby saulovsameande thecouth- 
western Yukon (Douglas, unpublished), and in the Rocky 
Mountains of Alberta (Heusser, 1956; Beder, 19673; Hrapko, 
1970) and Montana (Bamberg and Major, 1968). Casstope 
tetragona, found mainly in small clumps and mainly on north 


aspects in the eastern North Cascades, becomes a recognizable 
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type farther north (northwestern British Columbia and the 
southwestern Yukon) and east (Rocky Mountains of Alberta) 
(Hrapko, 1970; Welsh and Rigby, 1971; Douglas, unpublished). 
Empetrum ntgrum, a circumpolar species, occurs as a commun- 
Loy suypecetnsAlLbértawathevsouthwesterpn s.ukon,.sand morthern 
AVaskay (Bliss, $9565 Hrapko «.19/0:) Douclas,.ainpubieshed) . 
The circumpolar species, Salix reticulata has been reported 
elsewhere as a major dominant only from the southwestern 
Yukon (Price, 1971) and western Montana (Bamberg and Major, 
1968)... «lhe Salix cascadensts community, 4s also. rare in the 
literature, being documented only from Wyoming (Billings 
and Bliss, 1959). The Arctostaphylos uva-ursit type has 
been Soar from western Montana by Bamberg and Major 
(1968): 

Kobresta myosurotdes, a wide ranging circumpolar 
species, has been reported as a dominant in many regions. 
This type has been described from Colorado to Alberta in 
Bie woclgy eMounta dies (COs elope Man. 190 As ebanbierceand 
ter g howe MUMS siete Mowe, AOC iieniak MMI sh)) EUR Yel eke eteley leven tel sk 
Kluane Ranges of the southwestern Yukon (Douglas, 
unpublished) and Mt. McKinley in Alaska (Hanson, 1951). It 
also occurs in the Sierra Nevada Mountains of California 
where it is a disjunct species (Major and Bamberg, 1963). 
Reports of other North Cascadian sedge types are sparse. 
Carex setrpotdea var. pseudosctrpotdea stands have been 
recorded in the Snowy Mountains of central Montana (Bamberg 


and Major, 1968) and the Sierra Nevada Mountains in 
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Galifornia (Major and Bamberg, 1963). Carer nardtnd is 
reported as a dominant in southwestern Alberta (Bryant and 
Scheinberg, 1970). The Carex spectabilts community appears 
boebe mainly restricted to the subalpinewand alpine zones 
of northwestern Washington and southern British Columbia 
(Kumeamotomandebliss, 619705 shady, 1971: Douglas, 1972) 
although it also occurs as a snowpatch community in the 
oLerra Nevada Mountains (Jy Major, personal communication). 

inevenenal a the —commuind ties restricted to the western 
OtseC Cibo na melOomeleGasaCades enlavViemC LOS Chim at fant lecmt OmCOaS tak 
aneas Doth, to the north and south. “Those communities 
restricted to che eastern North Cascades show closer 
affinities to Rocky Mountain and far northern areas. 

The large number of community types recognized in the 
North Cascades Range is probably due, in large part, to 
the marked differences in climate across the range. Few 
other studies, at least in-western North America, have 
included such a large geographic area or such a wide 
macroclimatic range, thus comparisons with other mountain 
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SUMMARY 


1. Alpine plant communities of the North Cascades Range, 
Washington and British Columbia were studied on 39 mountains 
in an area encompassing about 18,000 km’. 

2. The climate varies from maritime on the western slopes to 


more continental on the eastern slopes. This change in 
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macroclimate has a profound affect on regional vegetation 
DaALLCernis. 

3. Twenty-three major community types were described from 
128 stands. These included six snowbed types (Saxtfraga 
tolmtet-Luzula wahlenbergtt, Ertogonum pyrolaefoltum-Luzula 
wahlenbergit, Carex ntgrtecans, Antennarta lanata, Carex 
prewert, and Carex capitata), two lush herb types (Lupinus 
Latifoltus and Festuca vtrtdula), eight dwarf shrub types 
(Casstope mertenstana, Phyllodoce empetrtformis, Phyllodoce 
glanduliflora, Arctostaphylos uva-urst, Empetrum ntgrum, 
BU OmrertCUuLgca, moa lL tmCaSscddens7 G.wand@suruasmocvopetrald), 
two dry grass types (Danthonia tntermedta and Calamagrostts 
purpurascens), and five dry sedge types (Carex spectabtlis, 
Carex phaeocephala, Carex sctrpotdea var. pseudosctrpotdea, 
Carex nardina, and Kobresta myosurotdes). Thirty-nine 
blockfieid stands and 42 krummholz stands were also 
examined. 

4. Soils in the region include poorly developed Entisols, 
weakly developed Inceptisols, and better developed Spodosols. 
The latter two soil types have developed in parent materials 
eontaining avhieoh pyrociastte component J ePhycicals propert— 
Lesmaresquitessimiiarnein most wsoils.) sQreanicamatter , stotal 
exchange capacity, and pH usually decrease from west to east. 
Exchangeable cations and nutrient levels ane generally low 
throughout the region. 

5. Alpha diversity measurements were applied to the 208 


sampled stands. These measurements included species richness 
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13,5 
or number of species (5S), general diversity or richness and 
dominance concentration (ayy and equitability or evenness 
(FZ). In the mildest habitats (snowbeds and moist lower 
slopes). eo: H, and £ were low due to dominance, through 
competition, by a few species. All measurements increased 
withtinereasingVenvironmental "rigor; a "reflection of greater 
habitat heterogeneity. In the harshest habitats (upper 
ridges and blockfields), where physical factors render the 
haDetat homogeneous (and relatively inhospitable), S and H 
once again decline. 

6. A fellfield-dry grass-lush herb environment gradient, 

65 m in length, was examined on Grouse Ridge, Mt. Baker. 
High soil temperature and low soil moisture regimes were 
typical of the -ridgetop fellfield while more moderate 
regimes occurred downslope. Soil temperatures decreased 
slightly, while soil moisture stress increased, with 
distance down the vegetated portion of the slope during 
drousht periods, <Lhis is. due to higher plant cover and 
greater evapotranspiration towards the base of the slope. 
Measurements of leaf W showed increases with distance down- 
slope. Species exhibiting vigorous growth and high leaf yp 
at the base of the slope had reduced vigor and much lower 
leaf w Sata Nies upslope. Phenological patterns were closely 
related to time of snowmelt and eae season temperature 
regimes along the gradient. 

7. The ranges of alpine plant communities in western North 


America are poorly documented. Several of the community 
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types appear restricted to the North Cascades Range, or 

the nearby Olympic Mountains of Washington or the Coast 

Range of southern British Columbia. A few of the types 

range south along the Cascade Range of central Oregon. 

Most of the community types range east to the Rocky Mountains 


and nortneco southerneAlaska and the southern Yukon. 
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